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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

GENERAL DESCRIPTION 


1-1.0 GENERAL 

The Friden* programmable printing calculator model 1155 is a small, light weight, 
desk top calculator having a program capacity of 511 instruction steps, two working 
registers, and twenty data storage registers (each independent of program storage and 
working registers). Register capacity is 13-digits with a 2-digit exponent, plus dec¬ 
imal point and sign. Its dynamic range is: 10 - 99 to 10^9. a plug-in magnetic card 
reader/recorder, reads and/or writes two 511 step programs. Provision is also made 
for plugging in an X-Y plotter. 

The printed tape output is accomplished by a small compact single print wheel, 
helical printer under control of the 1155 logic. A description of the printer is 
covered in the following paragraphs. 

For a description of the operating keys and machine functions, refer to the 1155 
"Operator's Primer", publication #55-537. Also, refer to the 1155 Reference Manual, 
publication #55-538. 


1-1.1 PHYSICAL CHARACTERISTICS 

Size: 15-1/2" wide, 21-1/2" long, 8-1/4" high. 

8-1/2" wide, 9-1/2" long, 4-1/4" high (card reader) 

Weight: 42 pounds 

5 pounds (card reader) 

1-2.0 FUNCTIONAL DESCRIPTION OF PRINTER 

The single print wheel helical printer used as the output mechanism for the 1155 
programmable calculator operates under control of the 1155 logic to provide a print¬ 
ed tape output. The following is a functional description of the printer unit in¬ 
cluding mechanical operation and electrical actions. 

1-2.1 POWER 

The printer motor is turned on via 1155 logic when a print cycle is required, and 
the motor is turned off soon after the print cycle has ended, unless a new print cycle 
is called for immediately following the preceding print cycle. The printer motor 
supplies the driving power to the mechanical elements of the printer. Heat from the 
motor is dissipated by means of an air jet from a fan blade mounted on the motor shaft. 
A plastic shield covers the fan and provides an air passage to the motor. 

1-2.2 PRINTING 

Print speed is approximately 47 characters per second, utilizing a 30 character 
print wheel. Print action is from right to left, with symbols being printed first 
and then the digits, starting with the least significant digit (LSD). 

A single line print can contain up to 15 digits, a decimal point, two symbols, 
and up to four spaces between high order digits to represent thousands. Character 
spacing is 10 to the inch and line spacing is 6 to the inch. 
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1-2.2 PRINTING (Cont.) 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

GENERAL DESCRIPTION 


1-2,2 PRINTING (Cont.) 

ZERO SUPPRESSION. All zeros before the most significant digit of the number are sup¬ 
pressed. This is accomplished by ending printing with the leftmost digit (MSD) of the 
number. This means that the print lines will be of varying length depending on the 
digit length of the number. However, this increases the functional printing speed 
since shorter numbers make for a shorter total print cycle time. 

PAPER FEED. Paper feed is automatic between each line print cycle. Inserting a new 
roll of paper is a simple operation. All that an operator need do is open the new 
roll, make a smooth straight starting edge, and place the roll in the paper cradle. 
Then, depress "Paper Advance" and the paper automatically threads into position for 
printing. 

TEAR-OFF. A Tear-off knife is provided for easy tear-off of tape portions. Also, 
a Paper Release lever frees the paper so that it can be pulled up incident to tear-off 

INKING. The ink is supplied by a large capacity, porous ink roller which supplies ink 
only at the end of a print cycle. By limiting ink transfer to a short portion of the 
cycle, excessive ink build-up is eliminated and longer ink supply established. The 
ink roller is supplied as a unit which is easily installed without soiling the fingers 

CHARACTER PRINT. The helical printer features a continually moving carriage and a 
continually rotating print wheel during a print cycle. The helical print wheel car¬ 
riage, and hammer carriage travel along the writing line by means of a pin engaged in 
a helix screw shaft. The print wheel travels along the square print wheel shaft under 
the influence of a yoke which is attached to the print wheel carriage. Exact align¬ 
ment between the two carriages is achieved by use of a "U" shaped coupling bail. The 
print wheel shaft and the helix shaft are driven by a cog belt, coupled to the motor 
pulley. 

Printing is accomplished "on the fly" by actuation of an electronically timed 
hammer which strikes the back of the paper, causing the paper to be pressed against 

the inked print wheel at the time the desired character is in in position. Even 

though the print wheel is rotating as well as moving from left to right, the hammer 
impact time is so short that the character is printed clearly and legibly. The con¬ 
stant movement of the print wheel when engaged with the helix screw shaft is compen¬ 
sated by the helix arrangement of the characters on the print wheel. 

Strobe signals from the timing wheel on the end of the print wheel shaft are used 
to identify the starting "home" point, and the position of each character on the print 
wheel. 

The major components of the printer are shown in Figure 1-1. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

GENERAL DESCRIPTION 


1-2.3 PRINTER OUTPUTS 


The printer supplies four outputs to the 1155 logic which are used to establish 
timing relations for print cycle control. These signals are: Carriage Home, Lead 
Screw Home, Digit Home, and Character pulses. The term "Home" when associated with 
a signal or mechanical action implies a beginning or starting point. 

CARRIAGE HOME. In order to start a line-print cycle, the print hammer and print wheel 
carriages, which are coupled together, must be at the right margin at a position called 
"HOME”. To identify this position in the logic, a signal is produced called Carriage 
Home. The signal is generated by means of a permanent magnet attached to the print 
hammer carriage. When the carriage is at the right margin in position to start a 
print cycle, this magnet closes a reed switch mounted on a PC board beneath the car¬ 
riage, and produces the signal Carriage Home. 

LEAD SCREW HOME. For optimum (best) start of the Hammer Carriage, the drive pin must 
engage the beginning of the Helix (Lead Screw) and always at the same point. To pos¬ 
itively identify this point, a permanent magnet is mounted on the drive wheel of the 
helix shaft. This magnet is positioned to correspond to the drive-pin engagement point 
on the Helix. As this magnet rotates past a reed switch mounted on a PC board beneath 
the drive wheel, it closes the reed switch and produces the signal Lead Screw Home. 

This signal signifies to the logic that the Helix is in the correct position to rec¬ 
eive the drive-pin. Since the Helix shaft is constantly rotating during a print cycle, 
a succession of Lead Screw Home signals is constantly being produced, each signifying 
one revolution of the Helix shaft. However, only one Lead Screw Home signal is used 
for each print cycle. 

DIGIT HOME. On the timing wheel, at the left end of the print wheel shaft, is a 
probe which extends out from the left side of the timing wheel. As this probe passes 
a fixed electromagnet, a pulse is generated which is designated "Home" or Digit Home. 
This pulse is used in the logic along with the character pulses to identify the specif 
digit or symbol as it arrives in position to be printed. 

CHARACTER PULSES. On the print wheel are a total of 30 characters (10 digits, dec¬ 
imal point, 3 symbols, and 16 alpha characters). On the circumference of the timing 
wheel are 30 points, each of which represents one of the characters. As these points 
pass an electromagnet, a series of pulses is produced, each one of which represents 
a character on the print wheel. For each revolution of the print wheel and timing 
wheel, there are 30 character pulses produced. These character pulses are used in 
the logic along with the Digit Home pulse to exactly identify the characters on the 
print wheel as they arrive in position to be printed. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

GENERAL DESCRIPTION 


1-2.4 PRINTER INPUTS 

Control of the initiation of a line-print cycle, printing of the characters, and 
ending of the line-print cycle is by means of inputs to the printer from the logic. 
There are four inputs: Motor Start, Carriage Start, Hammer Drive, and Line Feed. 

MOTOR START. The motor in the printer unit runs only when a line-print cycle is 
called for. Logic circuits provide this Motor Start signal at the time a print 
cycle is to occur. Soon after the end of the line-print cycle, the motor stops unless 
another print cycle is called for within about 1.5 seconds. 

CARRIAGE START. The print hammer carriage moves to the left when the drive pin, 
which is part of the carriage, becomes engaged with the Helix screw. The drive pin 
is engaged via a signal from the logic which energizes an electromagnet. The armature 
linkage of the energized electromagnet drives the pin forward into the Helix screw. 

The drive pin engage signal can only result when Carriage Home, and Lead Screw Home 
signals are both valid in the logic. These signals together specify that the carriage 
is in home position and that the proper point on the Helix screw is in line with the 
drive pin. 

HAMMER DRIVE. During the line print cycle, the logic calls for print action for 
specific symbols and digits. The actual printing occurs as a result of Hammer Drive 
signal from the logic that energizes an electromagnet. The armature of the electro¬ 
magnet drives the hammer forward to strike the back of the paper at the time the de¬ 
sired character on the print wheel is in front of the paper. 


LINE FEED. The line feed signal when received from the logic signifies the end of 
print action. When this signal is received, it energizes an electromagnet that re¬ 
leases a dog on the spring (capstan) clutch. When this dog is released, torque-spring 
action picks up the rotation of the Helix screw shaft and transfers it to an eccentric 
assembly. Rotation of this eccentric assembly, in turn, actuates Drive-pin disengage¬ 
ment, Paper feed for one line space, and ink transfer. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-1.0 GENERAL 

Functionally, the Friden 1155 Programmable Calculator operates like most electronic 
calculators, performing the four basic arithmetic operations of multiply, divide, add, 
and subtract, by use of storage and working registers, shift registers, timing clock 
circuitry, etc. Additionally, however, the 1155 contains 12 special arithmetic keys 
designed for use in higher mathematics. It also contains programming keys for storing 
a maximum of 512 program steps into its memory. A magnetic card reader/recorder is also 
supplied for the purpose of rapid entry of programs into the program storage area of 
the 1155, or for reading an existing program out of the 1155 memeory. 

2-2.0 TIMING 

Clock pulses called "T" times are used as the primary timing signals throughout the 
logic of the 1155 Calculator. These "T" times designated: T0, Tl, T2, T3, T4, T5, T6 
and T7 are the output signals from U528 (Board #5), Clock pulses designated T8 and T8 
are also generated via the output of flip flop U532. 

Each "T" time is 400ns long. One complete timing cycle (9 "T" times) is 3.6usec. 

The signal T8 occurs each 3.6 usee. The T8 signal is used as the input to a binary 
counter on Board #1 designated U128, whose output is designated T400. The signal T400 
goes to Board #4 (U426) and is used to develop the signal K1000(T400 and K1000 are the 
same time). The signal K1000 out of U426, pin 6 is applied to U122 (Z Counter) as its 
clock input. The generation of the "T" times is shown in the chart. Figure 2-1. 

Another timing chart. Figure 2-2 , shows the development of the T00 and related Z times. 

2-2.1 SHIFT REGISTER CLOCK PULSE GENERATOR 

Two special chips (U109 and U110) with their associated discrete components provide 
the clock pulses for the shift registers. A data bit moves one position for each clock 
pulse to the shift register and there are two clock pulses for each "T" time cycle 
which means that the bits move through the shift register at the same rate as the Mar¬ 
ker Counter counts, or twice for each "T" time cycle. 

Inputs to the timing gates are the timing signals: Tl, T6, T8, and T3. Also there 
is a cross coupled flip flop U117-11 and U117-8 tied to the Nand gate input of U109. 
When Tl goes low, T3 will be high and the output of gate U110 will go low, causing the 
junction of the 2.2K and the 470 ohm resistors to go to ground. The junction between 
the 2.2K and the 10K resistors will go low and when it does, the transistor Q2 will be 
saturated. Q2 being saturated will turn on the NPN transistor whose emitter goes to 
pin 9 and whose collector goes to pin 10. The collector of the upper NPN transistor 
will go to -12 volts and the lower NPN transistor will be turned off. The emitter of 
the lower NPN will go to -12 volts. The -12 volts is coupled as a negative going 
pulse and becomes 012 (phi 2) into pin 7 of each of the shift registers U101, U102, and 
U103. This signal (012) occurs at Tl* time. The output signal Oil (phi 1) from U109 is 
developed in a similar manner as described for 0)2. Thus, the two output clock signals 
0)1 and 012 going from +5volts to -12 volts will clock the shift registers. 

The interrelationship of the shift register clock pulses and the marker counter is 
as follows: The Marker Counter is clocked at the end or trailing edge of T0 and T4 
time and each time it is clocked, it remains at that count until the next T0 or T4 
time. Then, during Tl through T3 and T5 through -T6, the clock pulses (ffil and 012) are 
generated for the shift registers. Thus, the clock timing between the Marker Counter 
and the Shift Registers is closely related. That is, when we look at a time period 
in the Shift Register, we are also looking at a time period in the Marker Counter. 
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* K1000 is the same signal as T400 inverted twice. The last inversion is through a blocking gate. K1000 
may be blocked at this gate but T400 runs as long as the oscillator is in operation. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-3.0 SHIFT REGISTER OPERATION 

The data that is being shifted through the shift registers consists of 6-bits of 
information. These data bits appear at the inputs of the shift registers and are 
clocked through the shift registers by the shift register clock pulses ffil and ®2 
during T1 or T6 time. The output from the shift registers appears at the inputs to 
six double inverters. The outputs from the first inverters appears at the inputs to 
the Z Counter. The outputs from the second inverters appear at the inputs to the de¬ 
layed Data Registers U112 and U114, and also at the inputs to the Stored Program Input 
Multiplexers U106 , U107, and U113. At T4 time, the data on the inputs to the Delayed 
Data Registers will be loaded into the Delayed Data Registers where it may or may not 
get used, depending on certain conditions of logic. That is, the conditions governing 
whether the data will recirculate through the shift registers, or if data will be taken 

from the Delayed Data Register, or from the Z Counter, or _from the Card Reader is 

dependent on the condition of the Data Selector signals H204 and H203 into pins 2 and 
14 of the Stored Program Input Multiplexers, U106, U107, and III 13. For example, the 
normal situation is with H203 low and H204 high, in which case, data will merely cir¬ 
culate out of the multiplexers, through the shift registers, and back to the multi¬ 
plexers, etc. On the other hand, if the data in the Delayed Data Register is to be 

used, or the data from the Z cou nter, or from the Card Reader, then it is necessary to 

modify the condition of H203 and H204. T he Tr uth Table shown in Figure 2-3 lists the 
various options associated with H203 and H204. 


TRUTH TABLE 

SHIFT REGISTER INPUT DATA 


TO SHIFT REGISTERS 


FIGURE 2-3 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-3.1 REGISTER ASSIGNMENTS 

There are a total of 32 sixteen digit registers in the 1155 calculator. Of the 
32 registers, twenty are designated as storage registers for holding data for future 
use. These twenty registers are individually addressable by use of a two digit number 
00 through 19. Data stored in these registers can only be retrieved when addressed 
either via the program being run, or from the keyboard directly. 

The remaining twelve registers are designated as working registers and are not 
addressable. These registers are divided into two groups designated upper registers 
and lower registers. Data is held in these registers until needed for the arithmetic 
computations in progress and as the data is developed, it is moved in and out of these 
registers under control the Macro Rom programs. 

Movement of data from the storage registers to the working registers and vice versa 
is via register 0 

The addressing of the register to be utilized is done by the Macro Roms. The add¬ 
ressing of the digit within the selected register is a function of the Micro Roms. 

A BCD digit 0-9 is stored in each digit position of each register. Four RAMS, each 
consisting of a 16 x 16 matrix are required to store one digit. Thus, one bit of a 
digit is stored in each RAM. The four RAMS are accessed at the same time to retrieve 
one digit, or to write one digit. 

Octal notation is used within the RAMS for identifying the registers, thus, the octal 
numbers 0 through 13 are assigned to the twelve working registers and the octal numbers 
14 through 37 are assigned to the twenty storage registers. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-4.0 MARKER COUNTER OPERATION (REFERENCE LOGIC SCHEMATIC #1 TP 285-1) 

There are a total of 512 program steps or spaces available in program storage, but 
only 511 of these spaces are available for actual program storage. The purpose of the 
Marker Counter Generator is to develop a marker that will identify the start and stop 
position of the program steps as the program develops. This includes the normal in¬ 
crementing of the program as the instructions enter the program storage, as well as 
the necessary editing operations of delete and insert. The operation of the Marker 
Counter is as follows: 

The Marker Counter consists of two 74L93 IC chips designated U116 and U123 on board 
#1. The two counters are connected in series and have a common reset. Each counter 
operates on a modulus 16 base, and since they are in series, the total count will be 
512 which is the number of program steps. 

The clock for the Marker Counter is a signal called Adv Marker Counter which orig¬ 
inates from the set output of the Marker Counter Clock Input flip flop (U208-13). The 
dock input to the Marker Counter Clock Input flip flop is through an inverter 220-8 
and a gate 223-8. The output of gate 223-8 will toggle the J-K flip flop each T0 or 
T4 time unless the gate is blocked by its other input. Since the J-K flip flop re¬ 
quires two clock inputs for each output transition, the signal Adv Marker Counter will 
clock the Marker Counter one time for each two clock pulses. The signal Adv H200 will 
make a transition each time the Marker Counter reaches a count of 256. 

The starting or stopping of the Marker Counter must follow certain conditions or 
qualifications determined by the requirements of the machine logic. The control gate 
for starting or stopping the Marker Counter is gate 223-8. Pin input to this gate 
is normally high and the T0 or T4 input to pin 10 allows the gate to clock the Marker 
Counter Clock Input flip flop 208-13. This flip flop (208-13) can be preset but it 
cannot be cleared. A junc tion from pin 2 o f 208-13 goes to an inverter 218-6 whose 
output is a signal called Reset Marker Ctr. A low into pin 2 of 208-13 will cause the 
output of inverter 218-6 to go high and reset the Marker Counter to zero. Therefore, 
anytime the Marker Counter is cleared to zero, the Marker Counter Clock Input flip flop 
208-13 must first be preset. Once it is preset, then the next time it is clocked, the 
flip flop is reset and the negative transition out of the set output (pin 13) clocks 
the Marker Counter. In effect, then, each time the Marker Counter clears to zero, it 
is immediately clocked again. 

Control of the preset logic for the Marker Counter Clock Input flip flop 208-13 
is by means of four NAND gates (223-6, 214-6, 214-12, and 214-8). These preset gates 
will be qualified by various logic conditions and will be explained later as the var¬ 
ious operations occur. 

In order for the Marker Counter to mark the point at which the data in a certain 
program is being used, the Marker Counter must be stopped at that precise point and 
then held there for one extra clock time. During this extra clock time, the data 
continues to move past the marker one complete step. The Marker Counter is then started 
again and each time it counts through 512 steps and reaches zero, the marker arrives 
at the point the next data position occupies. In effect, the Marker Counter is blocked 
during the interval in which data is being manipulated. The net result is that when 
the counter is unblocked and starts counting again, the marker has moved back one step 
in reference to the data that was manipulated. The marker is now referenced to the next 
instruction (data) position available for use in the program. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-4.0 MARKER COUNTER OPERATION (Cont.) 

Three flip flops designated H200 (U233-12), H201 (U233-9) and H202 (U204-5) control 
the blocking and unblocking of the Marker Counter. Each time that an instruction is 
to be used as required by the program, or keyboard, the H202 flip flop will be preset 
before the Marker Counter is counted to zero. This preset occurs prior to any shifting 
or manipulating of data and sets up the logic for blocking the Marker Counter. 

The signal Adv H200 is the clock input to the H200 flip flop and is active on the 
trailing edge of T0 or T4. The output of the Marker Counter (U123) is the signal 
Adv H200 and it will go low when the Marker Counter steps to zero. At that time, the 
clock input to H200 flip flop will go low causing it to set. The set output from H200 
will go high permissing the set of the H201 flip flop. The clock input to H201 is T0 
or T4, therefore, if T0 is clocked and H200 sets on the trailing edge of T0, the H201 
flip flop will set on the trailing edge of T4. When the H201 set output goes high, it 

causes the H200 flip flop to clear via gate 232-8. (The other input to gate 232-8 is 
the signal K40 which deals with program search and is high at this time.) The condition 
then, is: H200 low and H201 high during the period between T0 and T4 or T4 and T0. 

Then, as the data that is to be manipulated causes the H202 flip flop to be preset, the 
Marker Counter counts to zero. At this time, the H200 flip flop has been reset, the 
H201 flip flop is set, and the H202 flip flop is set. Therefore, with the signals 
H201 and H202 both high into gate 224-11, the output of the gate will be low into gate 
223-8, blocking the gate by keeping its output high and thus effectively blocking the 
Marker Counter clock input. 


With the Marker Counter at zero and the Marker Counter Clock Input flip flop blocked, 
the Marker Counter cannot start counting again until the block is removed. In order 
for the Marker Counter to resume counting in the proper sequence with the unblocking 
of the gate 223-8 and the timing signals T0 or T4, the block is delayed one more clock 
time while the flip flop 233-9 (H201) is clocked to its reset state. When the H201 
flip flop resets, it toggles the H202 flip flop (U204-5), causing it to reset. With 
both H201 and H202 flip flops reset, the gate 223-8 is unblocked. Then, on the next 
T0 or T4 time, the Marker Counter Clock Input flip flop (U208-13) will be clocked 
causing the signal Advance Marker Counter to clock the Marker Counter and the Marker 
Counter will resume counting. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-5.0 KEYBOARD MATRIX DECODING (REFERENCE CARD #1 TP-285-1) 

As shown in the accompanying list of keyboard codes, each key on the 1155 keyboard 
is assigned a particular output code designated "Z" code, which enables the machine 
to perform the instructions associated with the key that was depressed. 

Depression of a key closes a reed switch. The reed switches are connected as shown 
in Figure 2-4 to form a matrix. The swinger side of__the reed switches are connected 
to form eight parallel outputs designated a through h. The stationary side of the^ 
reed switches are connected to form eight parallel outputs designated i through p. 

The "Z" counter (U22) is clocked on the negative going edge of each !! T" clock and 
counts from "0" through "7". As the count goes from "7" to "O'", the "0" count going 
negative clocks the f, Z" counter (U5) . Therefore, for each eight count in the Z counter 
(U22), the Z counter (U5) counts once. As the U22 "Z" counter initially counts from 
7 to 0, both Z counters are at a count of_0 and the program buss line "i" is enabled. 
Thus, the reed switch output__lines a and i are simultaneously enabled. As each line 
i through p is enabled, the a through h lines are strobed. Counting continues in this 
manner until a circuit is completed from ground on the U24 demultiplexer through one 
of the output lines i through p, to one of the output lines a through h on the multi¬ 
plexer U26. At this point the NOR gate U18 is enabled and the signal "K" goes low. 
Output of the "K" signal sets the K ! flip flop. The K f flip flop setting, causes the 
signal K1000 to stop the Z counter and also enables the set of the D flip flop. The 
count in the Z counter is then decoded via the Macro Rom input latches (U14 and U22 
on card 4) at the same time the D flip flop sets. The Macro Rom address counter rec¬ 
eives the decoded Z counter output via the Macro Rom input latches. The Macro Rom 
program is then stepped out of the Halt loop and the Macro Rom program steps the Inst¬ 
ruction Counter to the instruction address corresponding to the key that was depressed. 


CLK 
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2-5.0 KEYBOARD MATRIX DECODING (Cont.) 

KEYTOP KEYBOARD CODE Z CODE - 

: \ . . —' -"» ' ,. m i.. . 


LIST 

F 

m 

PROG BUSS 

1 

— 

- - 

— 

- — 

— 

WRITE 

a 

(i) 

prUg buss 

— 

2 

— 

— 


— 

INSERT 

n 

U) 

PROG BUSS 

1 

2 

— 

— 

— 

— 

DELETE 

e 

U) 

PROG BUSS 

— 

— 

3 

— 

— 

— 

LOAD PROM CARD 

I 

m 

PRUG BUSS 

1 

— 

3 

— 

— 

— 

STORE IN CARD 

9 

m 

PROG BUSS 

— 

2 

3 

— 

— 

— 

CLEAR PROG 

K 

ii) 

PROG BUSS 

1 

2 

3 

— 

— 

— 

0 

a 

7 

! 

- 

- 

- 

4 

— 

— 

1 

b 

7 


1 

- 

- 

4 

- 

- 

2 

c 

7 


- 

2 

- 

4 

- 

- 

3 

i 

7 


1 

2 

- 

4 


- 

4 

e 

0 

i 


- 

- 

3 

4 

- 

- 

5 


i 


1 

- 

3 

4 

- 

- 

6 

9 

9 

i 


- 

2 

3 

4 

- 

- 

7 

h 

0 

S 


1 

2 

3 

4 

— 


8 

a 

k 


— 

- 

- 

- 

5 

— 

9 

b 

k 


1 

— 


_ 

5 

— 

• 

c 

k 


— 

2 

— 

— 

5 

— 

SET DEC ( ) 

d 

k 

•V • 

1 

2 

- 

- 

5 

— 

STOP 

1 

(M 

STOP 

- 

- 

3 

- 

(5) 

- 

ENTER EXP 

J 

k 


1 

- 

3 

- 

5 

— 

ARC 

9 

k 


- 

2 

3 

- 

5 

- 

RECALL ()(). 

h 

k 


1 

2 

3 

- 

5 

- 

STORE ( ) ( l. 

a 

I 


- 

- 

- 

4 

5 

- 

ACCUM STORE ( ) ( ) 

b 

I 


1 

- 

- 

4 

5 

- 

ENTER 

c. 

I 


- 

2 

- 

4 

5 

— 

X 2 

d 

I 


1 

2 

— 

4 

5 

- 

IT 

~i 

I 


- 

- 

3 

4 

5 

- 

CHANGE SIGN 

I 

I 


1 

- 

3 

4 

5 


INTGR 

9 

I 


- 

2 

3 

4 

5 

- 

TO POLAR 

h 

I 


1 

2 

3 

4 

5 

— 
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LOGIC DESCRIPTION 


2-5.0 KEYBOARD MATRIX DECODING (Cont.) 

KEYTOP KEYBOARD CODE 


— 

a 

m 

11*1 

F 


1/X 

c 

m 

|A| X 

1 

m 

SIN 

e 

m 

COS 

I 

m 

TAN 

9 

m 

logfx | 

m 

m 

fxj! 

a 

n 

+ 

F 

n 

InJ x | 

c 

n 

-f 

d 

n 

X 

e 

n 

e x 

I 

n 

TO RECT 

9 

n 

DEG 

F 

n 

RAD 

a 

o’ 

CLEAR ENTRY (PLOT) 

F 

o’ 

PRINT 

F 

o’ 

PRINT SCI 

F 

o’ 

LINE SPACE 

F 

0 

GO TO (.).() 

I 

o’ 

IP NEG ( ) ( ) 

9 

0* 

CLEAR ALL REGS 

Jl 

0* 

START 

a 

p 

ONE STEP 

F 

p 

IND ( ) ( ) 

F 

p 

RESET 

(I) 

Ip) 

PROG CODE ( ) ( ) 

9 

p 

POWER UP 

(d) 

(p) 


Z CODE 

_____ 6 

1--6 

-2-6 

12--6 

- - 3 - - 6 

1 - 3 - - 6 

- 2 3 - - 6 

1 2 3 - - 6 

-H _ 6 

1-4-6 

- 2 - 4 - 6 

12-4-6 

- - 3 4 - 6 
1-34-6 

- 2 3 4 -6 

1 2 3 4 - 6 

-'56 

• 1-5 6 

- 2-5 6 

12-5 6 

- - 3 - 5 6 

1-3-56 
-2 3- 56 
12 3-56 

-4 5 6 

1-4 5 6 

- 2 - 4 5 6 

Cl - 3 4 5 6) 

- 2 3 4 5 6 
12-456 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-6.0 PROGRAM ENTRY FROM KEYBOARD 

The Friden 1155 Programmable Calculator has seven function modes that are assoc¬ 
iated with program entry in addition to the manual or keyboard mode. The seven func¬ 
tion modes are: Write, List, Insert, Delete, Store in Card, Load from Card, and Clear 
or Reset. For the Program Entry from Keyboard, the "WRITE” mode is used and is init¬ 
iated by depressing the Write key. 

WRITE is concerned with the direct entry of a program from the keyboard. Other 
modes enable the modification of the program once it is loaded into the machine. These 
modifications may include the insertion of new instruction, the deletion of instruct¬ 
ions not required for the program, or the deletion of erroneous instructions and the 
insertion of correct instructions in its place. 

There are 511 locations for program instructions in the program storage area of the 
machine. These instruction locations may or may not be completely occupied,at the 
option of the operator. Several programs may be entered or only one, however, when 
multiple programs are entered, each one must be defined by a program designator enter¬ 
ed at the beginning of the program. This designator enables the operator to address 
the desired program directly. (See Operator’s Primer, Form #55-537.) 

All program instructions are entered serially one after the other. There are no 
gaps where no data exists between instructions or programs. Nulls or No Data indicat¬ 
ors fill the area of program storage not occupied by instructions. Actually there are 
512 positions of storage in the machine, but the 512th position is never used. One 
Null will always be present. The first Null sensed indicates that the last instruct¬ 
ion has been sensed and the required logic action taken. The 512th position is retain¬ 
ed to ensure that reset, initializing, etc., will be accomplished. 

All stored data in the machine is volatile and will be lost if a power loss occurs, 
or anytime the machine is turned off. Therefore, to avoid the laborious re-entry of 
programs from the keyboard, the program may be stored on a magnetic card for future use. 
The storage of the program in this manner utilizes another one of the seven modes, 
namely Store In Card mode,that can be exercised as a one key function at the option of 
the operator. 

A program is entered from the keyboard in two steps. The first is the depression 
of the Write key, and then the depression of keys representing the desired instruct¬ 
ions. The depression of the Write key initializes all of the logic circuitry for 
enabling the entry of instructions into the program area of the machine. For purposes 
of this discussion, it will be assumed that the program area is initially clear. 

When the Write key is depressed, a path for current through the keyboard matrix 
(Figure 2-5) will be completed to line "c of U126 and line i of U124. The Z counter 
will count to 20g. The multiplexer U126 will have a low out of pins 7 and 9 with a 
count of 20g in the Z counter. The signal "K” will go high at this time and permiss 
the setting of the flip flop designated K’, U425-9. 

The "T" counter (U528) and the 100’s counter (U128) will continue to count. When 
the signal T400 goes high, the K’ flip flop sets. This action starts the delay timer 
(U402), and blocks the further counting of the Z counter for as long as the Write key 
is depressed. The clock signal K1000 being blocked at gate U426—6 prevents the Z 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-6.0 PROGRAM ENTRY FROM KEYBOARD (Cont.) 

counter from stepping to the next keyboard code. The Z counter transitions on the 
negative edge of the clock signal. The positive leading edge of the signal T400 sets 
the K 1 flip flop and prevents the clock K1000 from transitioning high to low to step 
the Z counter. 

The "D" flip flop (U425-5) sets at the end of the keyboard delay if the K f flip 
flop is still in a set condition. The outpu t of gate U426-8 goes low when the "D" 
flip flop sets. This low signal designated H210, performs three functions: (1) It 
loads the Write decode into the Program Mode Latch (U227). (2) It blocks the Program 

Mode Decoder (U222) unt il th e "D" flip flop resets, and (3) it initiates the clearing 
of the "D" flip flop. H210 low makes all outputs of the Program Mode Decoder to go 
high, setting the Program Mode flip flop (U212-9). 


The signal H21Q i s double inve rted via gate 207-6 and inverter U209-12 and the 
output becomes H213. The signal H213 clears the Read New Instruction flip flop 
(U212-5) and sets t he Cl r "D" Latch (U125-3 and U117-3). The output of the Clr D 
Latch , designated H217, is negatively "anded" with the signal T6 and the "D" flip 
flop is cleared. The Clr D Latch is reset at T8 time. 

The signal H210 goes high, the Z counter outputs are latched into the Progr am Mod e 
Latch, the block is removed from the Program Mode Decoder, and the Write Mode, H302 
becomes active. 

The Program Mode flip flop (U212-9) will be set only for the length of time the 
key selecting the operating mode is depressed. It will then reset and cannot be set 
again until the Program Mode Latch has been cleared by the Reset key. The Program 
Mode flip flop performs several necessary functions during the time it is set. 

The Marker Counter has been running free up until this point. The shift registers 
have also been stepping twice for each "T" time cycle. In this discussion, it is as¬ 
sumed that the shift registers have no data, therefore, the outputs will all be high 

indicating all Nulls. With no data entered, there will be no "First Null 11 since there 

is nothing to reference it to. 

The False First Data flip flop (U226-9) is used to enable the entry of the first 
data into the shift registers. The clock gate for the False First Data flip flop is 
U225-8. Pin 9 of this gate will be high when either Write, Insert, or Card mode have 

been selected. Pin 11 will be high when one of the aforementioned modes have been 

selected and the Program Mode flip flop (U212-9) is set. Pin 10 will go high when the 
Marker Counter counts to zero. This output of the Marker Counter sets the H200 flip 
flop (U233-12). The next T0 + T4 will set the H201 flip flop (U233-9). The signal 
H201 is the last required high into the clock gate U225-8 for the False First Data 
flip flop. When the signal H201 goes high into the gate, the output goes low. Then 
the next T0 + T4 will reset the H201 flip flop and set the False First Data flip flop. 
The Marker Counter continues to count. The Y5 Latch is set via the output from gate 
U219-3 going low. As long as the Y5 Latch is set, no other operating mode can be sel¬ 
ected. 

On the next data pass (512 steps), when the H200 flip flop (U233-12) sets, an at¬ 
tempt will be made via gate U219-6 to indicate first data, however, the gate is block¬ 
ed by inverter U209-10 as long as the signal H214 is high out of the Program Mode flip 
flop. 
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2-6.0 PROGRAM ENTRY FROM KEYBOARD (Cont.) 

The Delete or Null flip flop (U206-9) is held cleared, first by the Program Mode 
flip flop, and then by the False First Data flip flop, as long as it is set. 

The release of the Write key allows the K 1 flip flop to reset which in turn, resets 
the Program Mode flip flop. The Program Mode flip flop resetting unblocks the 1st 
data input to the H202 flip flop (U204-5) preset input. The machine is now prepared 
to "Learn” the instructions required to complete a program 

The second step, or the "Learning" of the instructions in a program is accomplished 
in the following manner. (Reference Timing Chart, Figure 2-7.) 

Each time the Marker Counter sets the H200 flip flop (U233-12), the False First 
Data flip flop presents a high input to the H202 flip flop (U204-5) preset input gate 
U217-12, making the input ineffective until another key is depressed and the "D" flip 
flop sets. 

A key representing the first instruction of the program to be entered is depressed 
and the "D" flip flop is set. The development of false first data when the signal 
H200 goes high, now finds the signal "D" high into gate U217-12 and the output of this 
gate presets the H202 flip flop (U204-5). The next T0 4- T4 will set the H201 flip flop 
which immediately clears the H200 flip flop. The status of the three flip flops 
(H200 reset, and H201 and H202 set) will remain constant for four "T" times (T1-T4 or 
T5-T0). 

When the H200 fl ip f lop resets and the H201 flip flop sets, the output of gate 
U205-1, designated H204, goes low as a gating signal fo r the shift register multiplex¬ 
ers. The other multiplexer gating signal is designated H203, and is low throughout a 
program entry. Both gating signals to the multiplexers (U206, 107, and 113) going low 
decodes the outputs of the Z counter, and presents them to the shift register inputs. 

The Z counter data will then be placed in the shift registers at either T1 or T6 time, 
depending on whether H201 flip flop set at the end of T0 or the end of T4. 

To sync the Marker Counter to the data flow through the shift register, the Marker 
Counter is blocked during the clock time that shifts the data into the shift register. 
The Marker Counter will then be in step with the next data entry. The operation is 
accomplished as follows: The H201 flip flop (U233-9) will reset at the end of the first 
T0 or T4 time after the H200 flip flop (U233-12) resets. When the H201 flip flop sets, 
the clock to the Marker Counter is blocked and the T0 or T4 that resets the H201 and 
H202 flip flops does not get through to clock the Marker Counter. The clock to the 
shift registers, however, causes the data to shift into the r egiste rs. The H201 and 
H202 flip flops resetting makes the m ultiplexe r gati ng signal H204 go high. With the 
configuration of gating signals H204 high, and H203 low, the data will continue to 
recirculate through the shift registers. 

FIRST DATA. A complete data pass (512 steps) is required to enter one instruction. 

The first instruction will recirculate and when it reaches the output of t he shift 
registers, the signal First Data (1st Data) will be developed. The signal 1st Data 
clears the False First Data flip flop (U226-9) at T2 or T7 time and gate U124-8 dev¬ 
elops the true First Data signal. This signal. First Data, will be developed each 
data pass until a key is depressed and the "D" flip flop is set. Once again, the H202 
flip flop will be preset when First Data goes high at T2 or T7 time. 
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LOGIC DESCRIPTION 


2-6.0 PROGRAM ENTRY FROM KEYBOARD (Cont.) 

The Marker Counter will count to zero, set the H200 flip flop, the H201 will set at 
the end of the next T0 or T4 time, clearing the H200 flip flop; the new keyboard in¬ 
struction will be loaded into the shift registers at T1 or T6 time, and the marker 
counter will be retarded by one count. This procedure will continue until all inst¬ 
ructions are entered. The Write mode and Program Entry can only be terminated by de¬ 
pressing the Reset key. The Reset key clears the Program Mode Latch and Program Mode 
Decoder, and the machine returns to the Idle Mode. 


2-6.1 ENTRY OF MULTIPLE PROGRAMS 

Identifying numbers should be assigned to each program when more than one program 
is entered in the machine. These numbers may be any two digit number between 00 and 
99, and in any order. Sequential numbering is not necessary. The numbers are for 
identification only and will be recognized when sampled. The procedure for entering 
and identifying multiple programs has been covered in the Operator’s Primer form 
number 55-537. 

As mentioned earlier, all keyboard program entries are initiated by depressing the 
Write key. Since several functions may have taken place since the last program entry, 
additional program entries become a bit more complex. 

The Write key sets up the logic to receive a new program as described earlier. The 
first key depressed after the Write key in a multiple program entry is the Program Code 
key. Depressing this key places a program identifier code in the very first program 
location following the last instruction of the previously entered program. This code 
designated under the octal notation 76g identifies the beginning of a new program when 
the machine is in a program search. The two digits entered immediately following the 
Program Code key identifies the program that is to follow. The balance of the program 
is entered serially following the two digit program identifier. 

MARKER SYNC TO NEW PROGRAM (Refer to Timing Diagram, Figure 2-8.) 

The Marker Counter must by synced to the first Null location immediately following 
the last program entered. This is necessary for the proper placing of the program 
identifier, and is accomplished as described in the following paragraphs. 

Depression of the Reset key returns the machine to the Manual mode of operation. 
Next, the Write key is depressed and many of the same functions initiated by the Write 
key in the initial program entry are the same as described in the preceding paragraphs 
that is: K’ flip flop sets, keyboard delay, M D ff flip flop sets. Program Mode flip flop 
sets. Program Mode Latch loads the Wr ite keyboard code into the Program Mode Decoder, 
the "D" flip flop is reset, and Write is decoded. The False 1st Data flip flop is set, 
but is only effective when the program storage area is cleared. The Y5 latch is also 
set to prevent selection of any other operating mode until the Reset key is depressed. 

The outputs of the shift registers are sampled by a special gating network. A Null, 
or no data, is detected in this network when the first position following the last in¬ 
struction of the last program entered is clocked to the output of the shift registers. 
The Null, octal notation 77g is moved to the shift register outputs at T1 or T6 time. 
The first Null is gated out at T2 or T7 times. 
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LOGIC DESCRIPTION 


2-6.1 ENTRY OF MULTIPLE PROGRAMS (Cont.) 


The first Null is decoded as II206 in gate U117-6. It is then inverted and combined 
in gate U214-12 with the Program Mode flip flop and Write. The output of this gate 
clears the Marker counter. The Marker Counter output signal, Adv 200, going low sets 
the H200 flip flop (U233-12). Then the H201 flip flop is set the very next T0 or T4 
time after the Marker Counter is cleared. The Marker Counter begins its new count 
cycle with the same T0 or T4 that set the H201 flip flop. 

The False 1st Data flip flop U226-9 will be reset on the very next data pass when 

the first output is clocked out of the shift registers following the last Null that 

was shifted out. 1st Data will also be generated each data pass, but will be ineff¬ 
ective until a key is depressed and the D flip flop is set. This key should be the 

Program Code key to identify the new program being entered. 

The program will now be entered in exactly the same manner as was previously des¬ 
cribed for the first program entry. Again, the program entry will be terminated by 
the Reset key. 

Each succeeding program will be entered the same way, i.e., depress Write key to 
initiate the logic for a program entry and to sync the timing to the first Null. Then 
enter the Program Code and two identifying digits, followed by the program in its 
entirety; and finally terminate the entry by depressing the Reset key. 
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LOGIC DESCRIPTION 


2-7.0 PROGRAM LOAD/STORE FROM CARD READER 

The Friden 1155 Calculator is designed for connecting a Magnetic Card Reader/Player 
(Model 511 Magnetic Card Reader) to a plug at the rear of the machine. A stored pro¬ 
gram in the 1155 can then be read into the Card Reader for storage on a magnetic card, 
or a program stored on the magnetic card can be read into 1155 for storage in the 1155 
memory. Each of these function modes is initiated by depressing the Store In Card 
key or the Load from Card key located on the 1155 keyboard. The logic description 
for each mode of operation will be discussed in the following paragraphs. 


2-7.1 LOAD FROM CARD MODE 

The 1155 calculator can also be programmed from the 511 Magnetic Card Reader/Player 
either as a complete program load of 511 instruction steps or partially, depending on 
the requirements of the operation. 

Depressing the Reset key retores the machine to the manual, or idle mode of oper¬ 
ation. The Load From Card key is then depressed to setup the logic necessary to 
receive a program from a magnetic card inserted into the Card Reader/Player. Dep¬ 
ression of the Load From Card key generates a signal which becomes a permiss (when 
combined with a signal generated by inserting a card in the reader) to start the card 
reader motor, and drive the card through the reader heads. 

NOTE: The Card Reader motors will vary slightly in speed, from one card reader to 
another. Transmission from the card reader into the 1155 program area is asynchronous, 
being strobed or clocked each time a new instruction is to be transmitted from the 
card reader. This clock pulse synchronizes the logic of the 1155 with that of the 
card reader. 

THEORY OF LOAD FROM CARD 


In Load from Card, the signal H305 goes into gate 213-6 (which is the same gate as 
used for Load from Keyb oard) . The output of gate 213-6 goes to gate 214-2 and if 
the signal First Null (H206) is developed into gate 214-12, it will clear the Marker 
Counter at the point of the First Null. (As previously explained under "Program Entry 
From Keyboard 11 a First Null cannot be developed if the Program Storage is clear since 
there will be 512 Nulls to choose from.) Up to this point, the logic is the same as 
described for the Write Mode, however, at the end of the Write Mode, it was necessary 
to depress the Reset key in order to return to Manual Mode. In the event the Load From 
Card key is depressed and a Load does not take place, then it will be necessary to de¬ 
press the Reset key to restore the machine to Manual Mode. 


The signal ADV 200 goes low at T0 or T4 when the Marker Counter steps to zero and 
sets the H200 flip flop. H200 will be stepped at either T0 or T4 time. H201 will 
set at T0 or T4 following the setting of H200. 

The False First Data flip flop (U226-9) sets when H201 sets. The False First Data 
flip flop being set will have no effect in loading first data as it did in programming 
from the keyboard. It will clamp the Delete/Null flip flop reset until True First Data 
is shifted out of the Shift Register. This will ensure that the Card Reader input will 
not be blocked. 
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When the Load From Card is released and the K T flip flop resets, the signal PLAY 
is made low. This signal goes to the card reader as a permiss and a signal to the 
card reader as an indication that the machine is ready to be programmed from the card 
reader. The 1155 will not accept data from any other source until the Reset key is 

depressed. 

It is assumed initially that there are no instructions stored in the program area. 


A signal designated PLAY/RECORD CLOCK is recorded on the card preceding each record¬ 
ed instruction. As the card proceeds through the card reader, this signal is read 
prior to reading the instruction and is returned to the 1155 as a strobe or clock pulse. 
The PLAY/RECORD CLOCK signal will be low for approximately 1 ms. The data associated 
with a particular strobe input will be presented to the input gates for approximately 
1 .5 ms. 


The signal CARD BUSY goes low when a card is inserted. The first time after the 
card is inserted that the H201 flop flop resets, the Load from Card flip flop (U226-6) 
will set. The reset side of U226-6 blocks the clock input of flip flop U203-12 and 
prevents its setting. The set outpu t of U203-12 (H229) remaining low unblocks the set 
input of the Clr "D" latch and H213 may now go low because of the action of the Clr 
"D" inputs. 


The flip flop U203-12 remaining reset also insures that the Reset key must be de¬ 
pressed to get out of the Card Mode. 


The signal PLAY/RECORD CLOCK goes low when a card is bei ng transported thro ugh the 
reader and an instruction is coming into position to read. PLAY/RECORD C LOCK going 
low in to gate U213-11 permisses the setting of flip flop dlOO (U201-5). PLAY RECORD 
CLOCK also goes to the reset permiss of flip flop U206-6 , allowing the U206-6 flip 
flop to set on the next T100 clock. At T400 time, T400 will go low into gate U213-8 
and the output will go high, removing the clear input to U206-6 (Digital Filter A) 
flip flop via gates U230-13 and U228-S. 

Clock pulse T100 sets the flip flop U206-6. The reset output of the control flip 
flop U206-6 clamps the clear signal high out of gate U213-8 when T40Q goes high once 
again. The set output of flip flop U206-6 clocks the Digital Filter flip flop "A" 
(U201-9). The set output of the "A" flip flop (U201-9) removes the clear from the 
Digital Filter flip flop "B" (U201-5), and the next T400 pulse sets the "B" flip flop 
making the signal dlOO high. The signal dlOO high clamps the Digital Filter clear 
input high via gate U230-13; and pr esets the H202 flip flop (U20 4-5) v ia gate U216-12 
at T2 or T7 time. The signal dlOO clamps the set permiss of the dlOO flip flop 
(U201-5) high, via gate U213-11. 

The signal PLAY/RECORD CLOCK will go high and permiss the reset of the Digital 
Filter Control flip flop U206-6. The reset will occur on the next T100 time. The 
permiss will remain high until the next instruction is to be read from the card. 
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The Marker Counter will count to zero and set the H200 flip flop (U233-12). The 
H201 flip flop (U233-9) will set on the next T0 or T4 after H200 sets. H201 setting 
clears the H200 flip flop via gate U232-8. 


The Data Contr ol signal (H218) out of gate U217-6 will go low when the H201 flip 
flop sets. H218 clears the Digital Filter via g ates U205-4 and U232-11. H218 makes 

H203 high via ga tes U205-4 and U215-6; and H204 low via gates U205-4 and 205-1. 

The signal H218 low, also resets the Digit Filter Control Latch (U119-3. and U124-6). 

This clamps the Digit Filter cleared until the next Null output of gate Ulll-6. 

The combination of H203 high and H204 low, selects the inputs from the Card Reader 
to the shift register input multiplexers. The data from the Card Reader is selected and 
presented to the shift register inputs. At T1 or T6 time, the data is loaded into the 
shift registers. 

When H201 flip flop sets, one count is deleted from the Marker Counter clock input 
via gate U224-11, resulting in the next instruction bei ng pl aced in the nex t instruction 
pos ition . H201 will reset at the next T0 or T4. Then H218 goes high, H203 goes low, 
and H204 goes high, causing the data in the shift registers to recirculate. H201 re¬ 
setting also reset H202. 

The machine idles, waiting for the next PLAY/RECORD CLOCK to go low and initiate 
another cycle. These cycles will repeat until all the instructions on the card have 
been read, or until a total of 511 instructions have been read from a number of cards. 

No more instructions can be entered after the 511th. 

PROGRAM ENTRY FROM CARD READER AFTER INITIAL PROGRAM ENTRY 

For this explanation, it is assumed that one or more programs have been entered and 
additional programs are to be entered from the card reader. As in the entry from the 
keyboard, timing must be synchronized with the first location in program storage, immed¬ 
iately following the last instruction that was previously entered. 

Depression of the LOAD FROM CARD key will stop the Z Counter at 508- The n D lf flip 
flop will set and when it resets, the signal H210 going high s ets a count of five in 
the Program Mode Decoder (U222) and the signal Load F rom C ard (H305) goes low. The 
Progra m Mode flip flop (U212-9) sets when the signal H210 goes high. When First Null 
(H206) comes out of the shift register, at either T2 or T7 time, the signal Reset Mar¬ 
ker Counter will go low at the output of gate U214-12; presetting the Marker Counter 
Clock flip flop (U208-13), and clearing the Marker Counters U116-12 and U123-12). The 
output of U123-12 (Adv 200) sets the H200 flip flop (U233-12). The Marker Counter is 
now synchronized with the data already entered, and is setup to place the next bit 
of entered data in the First Null position. 


The key i s released and the machine goes into an idle condition with H305 low. The 
signal PLAY goes low and the Y5 latch sets. The 1155 is now ready to read a card. 

The balance of the loading from the card is done exactly as in the initial loading of 
a program from the card reader. 
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2-7.2 STORE IN CARD MODE 

The program entered and circulating in the 1155 can be stored on a magnetic card 
by means of the Model 511 Magnetic Card Reader/Player connected to the 1155. Storing 
of data on the magnetic card is initiated by depressing the Store In Card key. De¬ 
pressing the Store In Card key sets up the logic required for this operation, and 
places the first instruction in position to be read when the card is inserted into 
the card reader. As the data is recorded on the magnetic card, it is retained within 
the 1155 storage. 

Since the Card Reader is slower than the 1155 logic, data from the 1155 is buffered 
on the RECORD lines that input to the card reader and the 1155 logic is then held up 
until the data is recorded on the magnetic card and the card reader notifies the 1155 
that it is ready to accept new data. 

THEORY OF STORE IN CARD 

With the Store In Card key depressed, the signal K will go high when the Z counter 
has a count of 608* The K’ flip flop is set when T400 goes high, starting the delay 
timer. The "D" flip flop wil l set approximately 1 ms afte r the K T flip flop sets, and 
"D" setting causes the signal H210 to go low. The signal H210 going low, loads the 
the Z counter bits 1, 2, and 3 into the Program Mode Latch (U227) and makes the 8-bit 
input to the Program Mode Decoder (U222) a high.- and this high 8-bit input results in 
making all of the used outputs of U222 high. The signal H300 going high sets the 
Program Mode flip flop (U212-9) and the output signal H214 goes high. H214 will re¬ 
main high until the first T400 after the key is released. 


The signal H210 going low immediately sets the Clr Tt D f> Latch and the f, D ,f flip flop 
is reset when T6 goes low. The latch will reset at T8 time. The "D" flip flop-; re¬ 
setting causes the signal H210 to go high, latching the Z counter inputs into the 
Program Mode Latch, and rem oving the high from the 8-bit input to the Program Mode 
Decoder (U222). The signal H306 then goes low and the logic for the Store In Card 
Mode is underway. 


The signal Card Mode goes high at gate U219-11 when H306 goes low and Card Mode 
going high into gate U219-3 sets the Y5 latch and unblocks the clock input to the 
False 1st Data flip flop . It also unblocks the flip flop U226-6 which is used to 
prevent a Clear operation while the Card Reader is operating. The signal Card Mode 
unblocks the junction of U231-8 and U210-6, allowing the clearing and counting of the 
Digital Filter for each instruction loaded into the Card Reader. 


The Store In Card signal (H306) going low causes the signal H310 to go high at the 
output of gate U215-8. H310 going high enables the settin g of the "D" fl ip flop and 
the lo ading of the next instruction into the Z counter. Store In Card clamps the 
signal H210 high in the output of gate U120-6. The signal H240 is used to unblock the 
Digital Filter clear gate U228-8. 

The signal ADV 200 goes low when the Marker Counter (U116 and 123) is counted to 
zero. ADV 200 going low sets the H200 flip flop (U233-12) at the trailing edge of 
either T0 or T4 time. The H201 flip flop will set on the next T0 or T4 time after 
H200 flip flop sets, and will immediately clear the H200 flip flop. On the next T0 
or T4 time, the H201 flip flop will reset and as it resets, it clocks the False 1st 
Data flip flop. The False 1st Data Flip flop set output clamps the Delete or Null 
flip flop reset until 1st Data clears the Marker Counter to zero, and syncs on the 
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first data out of the counter. Once the Marker Counter is synced to the data, the 
Delete or Null flip flop cannot set and block the Store In Card operation. 

The signal 1st Data clears the Marker Counter to zero via gate U214-8 and clears the 
False 1st Data flip flop. 

(NOTE: Once the Marker Counter is synced to the data, every data pass will result in 
the setting of the H200 and H201 flip flops, the clearing of the False First Data 
flip flop, and the setting of the False First Data flip flop. Since a data pass is 
slightly under 1ms, the False First Data flip flop can be observed setting and re¬ 
setting at that rate until the Store In Card key is released. The Marker Counter will 
be reset each time first data comes out of the shift register, but it will not be 
apparent because the Marker Counter will already be at zero due to having been synced 
to data, prior to this time.) 

When the Store In Card key is released, the K ! flip flop and the Program Mode flip 
flop will reset. The K f flip flop resetting unblocks the H202 preset gate (U216-8) 
and the first T2 or T7 after K 1 resets, the H202 flip flop will be preset. The K T 
flip f lop rese tting also clamps the Start + One-Step flip flop reset and makes the 
signal Record a low signal at gate 11231-11. 

The first instruction will be transferred to the Z Counter after the Store In Card 
key is released, and it will be held in the Z Counter until a card is inserted in the 
card reader. The card reader will record the data and indicate that it has been re¬ 
corded. The 1155 will then transfer the next instruction to the Z Counter and the 
action will repeat. 

The load in Z Counter, transfer to the Card Reader, record cycle will be followed 
until the first null is loaded into the Z counter. From that point on, no other loads 
will be accomplished. The null will remain in the Z counter and all nulls will be 
recorded by the card reader. 

The logic action necessary to accomplish the loading and transferring of instructions 
to the card reader is as follows: 

The K 1 flip flop will reset the first T400 time after the key is released and gate U209-8 
will unblock the H202 flip flop preset gate (U216-8). Since T400 is a multiple of the 
T8 ? s , the K ? flip flop will reset at T8 time. The H202 flip flop will be preset the 
next T2 time due to the action of gate U225-12. Nothing more happens until the Marker 
Counter counts to zero. (Note: It is assumed for this discussion that the Marker 
Counter will count to zero at T0 time.) Advance 200 will set the H200 flip flop. 

H201 flip flop will set at the end of T4 time, immediately clearing the H200 flip flop. 

The output of gate U217-8 will go low, presetting the !, D" flip flop and loading the 
instruction in the output of the shift registers into the Z counter. This instruction 
will be the first instruction in the program or programs to be loaded on the card. 

Presetting the D flip flop blocks any further transfer of data by blocking the pre¬ 
setting of the H202 flip flop at gate U225-12. Nothing more can be done until the card 
reader has recorded the first instruction on the card. Then, at T0 time, immediately 
following the presetting of the D flip flop and the loading of the instruction in the 
Z counter, gate U224-11 blocks one count of the Marker Counter clock. The Marker Counter 
is now synchronized with the second instruction to be transferred. 
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The machine may be in an idle condition for one or many data passes, waiting for a 
card to be inserted in the reader/recorder. Finally, however, a card will be inserted. 


The signal Reader Busy goes low when the card is inserted, permissing the set of 
flip flop U226-6. The first time that the H201 flip flop resets, U226-6 will set. 
U226-6 setting insures that the only way the Store In Card operation can be terminated 
before the Store in Card operation is complete is by depressing the Reset key. 


The signal Play/Record Clock is generated in the Card Reader/Recorder just prior to 
a read or write by the card reader/recorder. This signal permisses the set of the 

Digital Filter Control flip flop (U206-6) and permisses the set of the Digital Filter 

"B" flip flop (dlOO) U210-5. At T400 time, the clear is removed from U206-6 flip flop 
and at T500 time, the flip flop is set. U206-6 setting , sets the U201-9 flip flop 
removing the clear from the U201-5 flip flop. The next T400 time sets U201-5 and the 

signal dlOO goes high. The output of U207-8 (H213), goes low and sets the Clr "D" 

latch. The "D" flip flop is cleared at T6 time and the latch is reset at T8 time. 

The "D" flip flop is cleared at T6 time and the H202 flip flop will be preset at 
T7 time. The Marker Counter will count to zero, H200 will set, H201 will set, clear¬ 
ing H200, and the D flip flop will be preset,initiating the loading of the next inst¬ 
ruction. 

The Marker Counte r will miss one clo ck and be in step with the next instruction to 
be transferred. The Play/Record Clock will go low, indicating that the instruction is 
being recorded and the D flip flop will be cleared once more. This cycle of operation 
will continue until all of the instructions for every program have been transferred and 
recorded. 

The first null will be loaded and transferred in exactly the same manner as the 
legitimate instruction. However, the second null will be loaded into the Z counter 
and the "D" flip flop will be blocked from clearing for the balance of the card. 


The signal H57 will be low and H571 will be high when the second null is ready for 
transfer to the Z counter. H201 will go high to transfer the null to the Z counter 
and at either T0 or T2, depending on the clocking of the Marker Counter, H250 will go 
high. H250 going low at the end of T0 or T4 time will cause U201-9 flip flop to set, 
blocking the Clr "D ,! gate, U207-8. 


The signal Reader Busy will go high when the card moves out of the card reader, and 
will permiss the reset of U226-6. H201 resetting after its next set, will reset U226-6. 

The reset output of TJ226-6 will clock U203-12 setting it. The reset of U203-12 per¬ 
misses the set of the Reset flip flop (U203-8). The next T0 or T4 will set U203-8. 

The set outputs of U203-12 and U203-8 will cause the Clr "D" latch to set via gate 
U202-11. This action provides the Clr f? D" latch that was blocked during the recording 
of nulls. 

The reset output of the Reset flip flop (U203-8) resets the Y5, Y6, and Y7 latches. 

It also clears the Program Mode Latch and makes all outputs of the Program Mode Decoder 
high. The reset input to the Reset flip flop (H216) is high and the Reset flip flop 
will reset the next T0 or T4 after the one which set it. 


The 1155 logic then returns to the Manual Mode (H300)low and U203-12 and U22b-6 
are clamped reset. The machine is now ready for the next keyboard selection. 
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2-8.0 "Y" LATCH CONTROL 

The "Y" latches with the exception of the Y4 latch, are used to provide control 
logic to enable an operation. The Y5 latch is set by the Start or One Step key, the 
Card Mode key, the Write key, or the Insert key. It may also be set or reset by the 
program being run. The Y5 latch, when set, permits the completion of the operations 
listed. 

The Y6 latch, when set, allows either the One Step, or Plot operation to be comp¬ 
leted. 

The Y7 latch, when set, permits the search for a new program code. 

The Y4 latch, when set, lights the Degrees light. When Reset, it lights the 
Radian light. 

The latches are controlled by the program in the following manner. 

The signal F103 .T4 transfers data from the RAMS to the RAM output register "B" (U619). 
The signal L50 will allow the " B" re gister output to be dec oded . A zero loaded into 
the "B M register will result in L70 going low for T1 time. L70 low will allow the 
"A" register output to be decoded and the selected latch will be set or reset. The 
Chart, Figure 2-13, shows the various states of the latches in respect to the outputs 
of Register "A" and "B". 
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The List key is used to control several functions. For example: 

When used with the + key, a number called the Check Sum is developed and printed 
to verify that the program entered is correct within parameters. 

When used With the Start key, a listing of the entire stored program is printed 
out for information and verification. 

When used with the One Step key, each instruction is printed, beginning with the 
first instruction of the first program, unless otherwise addressed. The machine then 
stops and waits. This stop is to allow for program modification, such as insertion of 
one or more new instructions in the program, or the deletion of the last instruction 
printed. 

LIST/START OPERATION (Reference List #1, Figure 2-15) 

The first operation to be described will be that of the List key when used in con¬ 
junction with the Start key. 

The List key is decoded when the Z counter has a count of lOg, and the signal !, K M 
goes high. The K flip flop will set at the first T400 time after the signal K goes 
high and initiate the keyboard delay timer action. 

The "D" flip flop sets when the ti mer counts to zero (approx. 1ms.). The "D" flip 
flop setting, causes the signal H210 to go low which indirectly sets the Program Mode 
flip flop (U212-9). The signal H210 sets the Clr "D" latch, and at T6 time, the "D" 
flip flop is reset. The !, D" flip flop resetting makes the signal H210 high, and the 
Program Mode Decoder (U222-2) makes the signal List (H310) low. The List s ignal will 
remain low u ntil the Reset key is depressed, at which time, the signal H310 will go 
high causing H301 to go high and H301 to go low. These signals become constants and 
will not change as long as the signal List (H301) is low. 

The signal EN L18 is blocked during the depression of all of the Program Mode keys, 
and the Start and One Step keys. The signal EN L18 (U427-6) is made low when the f, K" 
flip flop sets, and it remains low until the K flip flop resets. The reason for block¬ 
ing EN L18 during this time is to prevent the Micro Roms from stepping out of the idle 
loop into a key entry routine while the contants for the operation to be performed are 
being established. Dur ing this time, the control signal for the preset of the H202 
flip flop (signal H212, U212-5) goes low, but is ineffective. The "K" flip flop being 
set, blocks the preset of H202 (U204-5) until the "K" flip flop resets, thus preventing 
the transfer of any data from program storage. 

The List key is released and the machine returns to an idle List Mode, waiting for 
the depression of one of the keys that will initiate the desired action. All of the 
constants, logic levels, etc., required in a List program mode are now set. 


Depression of the Start key initiates a retrieval and printout of all of the stored 
program. The operation is described as follows: 

The Start key is decoded as 07g. The "K* 1 flip flop sets and after the delay circuit 
counts down, the "D ,f flip flop sets. The signal H211 (U205-13) goes high when the "D" 
flip flop sets. The signal H211 high, sets the Start flip flop (U204-9) which sets 
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the Clr "D" latch. The H202 flip flop (Read New Instruction flip flop) U212-5 is 
clea red an d clamped in that condition until the "K" flip flop resets via the same sig¬ 
nal (H213) that set the Clr n D" latch. 

The Y5 latch sets when the signal H211 goes high, and will remain set until cleared. 
The function of the Start key (in this instance) is to set the Y5 latch and block the 
initiation of the automatic transferring of program data from storage to printer until 
the logic for this purpose is synchronized. The block is removed when the Start key is 
released. 

The signal EN L18 was once again blocked during the time the "D" flip flop was set. 
This action prevented the Micro Roms from stepping out of the idle loop into the pro¬ 
gram. 

The Start flip flop is cleared by the n K" flip flop resetting. This ac tion u nblocks 
the H202 preset control flip flop (TJ212-5) and the Clr D latch. The first H202 decoded 
from the Micro Rom output in the idle loop after the !f K" flip flop resets will preset 
the H202 preset control flip flop (U212-5). The primary function of H202 is to obtain 
the next instruction for listing. 

The Advance (Adv 200) signal goes low and sets the H200 flip flop, and the H201 flip 
flop sets, clearing the H200 flip flop. The "D” flip flop will be preset, and the first 
instruction will be loaded into the Z counter. 


The sig nal F 202 will go low at T1 time as t he Mi cro Rom steps around the idle loop. 
The signal L18 will then go low the first time F202 goes low after the "D" flip flop 
is preset. The signal L18 going low increments the ROM address counter and allows the 
ROM to be stepped out of the idle loop and i nto the keyboard input routine. At T4 time 
of the next "T" time cycle, the signal F403 (U523-4) will go low and the output of the 
Z counter will be loaded into the Macro Rom input register. 


With the signal F403 low into gate U207-6, the Clr "D" latch will set and clear 
the H202 preset control flip flop (U212-5). The next character will now be blocked 
until the one already transferred has been printed. The Micro Rom will not return to 
the idle routine to accept the next instruction until the current instruction has been 
printed. 

MACRO ROM INPUT REGISTERS (Reference List #2, Figure 2-16.) 

The Macro Rom input registers for keyboard data are U422 and U414. The selection 
of the Rom to be addressed is by U416 in the List mode of op eration. The Micro Rom 
output 223 will cause the signal F301 to remain high. F301 high selects pins 1, 4, 6, 
and 7 of the thr ee ga tes listed above. These inputs are latched to the outputs when 
F403 goes high. F403 going high makes the clock signal L24 transition low and the data 
is latched. 


The Micro Rom output steps to 224. F304 goes low and inputs 2, 3, 5, and 12 of 
U410 and 415 are permissed. F404 goes low at T4 time and th e clock signals for the 
two listed components goes high. The data is set when F404 goes high at the end of T4. 


The Micro Rom steps to 225. F3 05 wil l go low and inputs 2, 3, 5, and 12 of U405 

U408, and U409 will be permissed. F405 will go low at T4 time and the clocks L31 and 
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L32 will go high. They will transition low at the end of T4 time and the data will be 
set. 

The Micro Rom steps to 222 and the address wil l be l atched in the Macro Rom Address 
counter and the Macro Rom Enable Selectro latch. F402 will go low at T4 time of the 
222 timing cycle, and the address and selection of the Macro Rom will be latched. 

The signal E4Q2 going low also sets the Macro Rom Strobe flip flop. *Vgg goes low 
and will remain low until the Strobe flip flop is reset. Vqq low allows the inputs to 
the Macro Rom to be decoded in the Rom and coupled to the inputs of the Rom instruction 
latch. 

SAMPLE (U511-4) is made high at T7 time and the clock inputs to the Macro Rom In¬ 
struction Latch goes low. The clocks transition high at the end of T7 and the Rom 
output is latched. The instruction will change at T4 time of the next instruction 
cycle. The Strobe flip flop will be cleared at T0 time and Vqq going high blocks 
the Macro Roms. Sample will go lo w, blo cking the Instruction Latch clock. Instruction 
will remain latched until the next P402. 


Th e Mic ro Rom steps to 203. F100 goes low and at T1 time, F203 goes low. F203 

makes L17 low at gate U525-11. L17 clears the Micro R om Add ress Counter Bit 1 flip 

flop, and loads the new address from the input latch. F203 also clears the Carry flip 
flop (U530-5), loads P0, PI, and P2 outputs from the Macro Rom Instruction Latch into 
U630, and clears the Ram output registers A, and B (U619 and U626). 
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2-10.0 EDIT FUNCTION 
2-10.1 DELETE MODE 

Delete is one-half of the Edit function. Insert is the other half and will be 
covered under its own heading. 

The purpose of the Delete function is to remove instructions from a program so that 
it may be corrected. Erroneous or redundant instructions are removed with the use of 
Delete. 

Depression of the Delete key follows a one step listing of the stored program. The 
program is listed one step at a time until the unwanted instruction is printed. Reset 
is then depressed, returning the machine to the Keyboard Mode. 

The Marker Counter is retarded each time the one-step List Mode operation is per¬ 
formed, syncing the Marker counter to the instruction to be deleted. 

Depression of the Delete key will result in the recognitio n of th e dele te operating 
mode. The logic action will ultimately result in the signal Delete (H304), going lo w* 
The following logic levels will be established and remain so until the signal Delete 
becomes high by either completing the delete function or depression of the Reset key. 

U221-3 functions as a Marker Counter Clear gate for both Delete and Insert func¬ 
tions. It is also used to clear the Marker Counter on the first Null after the un- 
wanted instruction has been deleted. U221-3 becomes a high and remains so until H304 
becomes a high. 

The Marker Counter cannot be cleared until after the De lete or Null flip flop (U206-9) 
sets. The signal H214 going high clears the flip flop and Delete into gate U221-6 
blocks the clock to prevent unwanted clearing of the Marker Counter. 

The H304 signal Delete (U220-6) going high, unblocks gate U223-11 and U229-8. This 
will allow U208-8 to be preset and then reset. It also allows the automatic reset 
function to take place. 

The Start key is depressed and the following actions take place: 

The "K" and "D" flip flops will set, the signal En L18 will be blocked and the 
Start One-Step flip flop (U204-9) will be set. 

The Start flip flop will set the clear "D" latch and reset the "D" flip flop. The 
Start flip flop will also prevent the reset of the Mode Clear flip flop (U203-8) until 
after the Start key is released. 

The output of gate U225-12 will go low at T7 time after the "D" flip flop is cleared 
at T6 time. It will go low every T2 and T7 time thereafter, until Y5 latch is reset. 
U211-1 will go hi gh whe n 1st Data is decoded. U223-11 will go low and U208-8 will be 
preset. H203 and H204 go high and will remain high until U208-8 is reset. 


H203 and H204 high cause U107, U113, and U106 to accept data from the delayed Data 
Registers for input to the shift registers. 

The Marker Counter sets the H200 flip flop, U233-12 at the end of the next T0 or T4 
time. The output of gate U229-8 goes low and the output of gate 221-8 goes high, per- 
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2-10.0 EDIT FUNCTION 
2-10.1 DELETE MODE (Cont.) 

missing the reset of U208-8. The Mode Clear flip flop (U203-8) is also permissed to 
set. 

The instruction to be deleted counts out of the shift registers at T1 or T6 time, 
following the permiss to reset U208-8. On the following trailing edge of T0 or T4 
time, the instruction will count into the Delayed Data Register. Then, U208 will re¬ 
set, causing U215-6 (Data Select A) to go low. All other data will now go to the 
shift registers directly instead of through the Delayed Data Registers (U114 and 112). 


The unwanted instruction has been left sitting in the Delay Register and will be 
lost. The Mode Clear flip flop will also set on the same T0 or T4 that loads the in^ 
struction into the delay circuits. The Mode Clear flip flop (U203-8) will clear the 
Y5 latch, the Program Mode Selector Latch, and Program Decoder. The machine will be 
returned to the Keyboard Mode. 

Another instruction can now be deleted, if desired, because the Marker is sitting 
on the next instruction in line. Otherwise, the operator may start another operation 
if she chooses. 
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2-10.0 EDIT FUNCTION 
2-10.2 INSERT MODE 


The Insert Mode is used to add instructions to an existing program as part of the 
Edit function. In using the Insert Mode, entire routines or sub-routines may be added 
at locations within the program selected by the operator. When used in the edit func¬ 
tion, Insert is used to either replace erroneous instructions removed by Delete, or 
to enter instructions omitted in the original loading of the stored program. In real¬ 
ity, Insert Mode enables a "Write” operation at a selected location in a program that 
is already stored. Therefore, many of the logic functions are identical to those of 
the Write Mode. 

Depression of the Insert key takes the machine out of the manual mode and sets up 
logic levels that will remain as constants until cleared by the depression of the 
Reset key. 

To reach the position in the program in which the new instruction is to be inserted 
the machine is placed in a "List" operating mode, and then one-stepped until the in¬ 
struction immediately preceding the insertion location is printed and then Reset. The 
Marker Counter is now zeroed at the insertion point. Depressing the Insert key will 
then set up the logic constants and the new instruction can be keyed in as desired. 

The new instruction is written into the area indicated by the Marker Counter and the 
Marker Counter will be retarded one step. Repeated instruction entries can be made 
to build a new routine, sub-routine, or replace instruction(s) removed by Delete. 

INSERT LOGIC 

Depression of the Insert key will result in the key being decoded in the multiplex¬ 
er and de-multiplexer (U124 and U126). The signal "K" out of gate U118 will go high 
permissing the set of the "K" flip flop. The "K" flip flop being set will block the 
Z counter and initiate the bounce delay flip flops (U407 -11 an d 407-15). The bounce 
delay timing out will set the "D" flip flop. The signal H210 out of gate U426-8) will 
go low when the "D" flip flop sets, loading the code for Insert (3) into the Progr am 
Mode Latch (U227) and disabling the Program Mode Decoder (U222). The signal H210 
going low will also set the Clr "D" latch (U125-3 and U117-3). 

The Program Mode flip flop (U212-9) sets when the Program Mode Latch (U222) is dis¬ 
abled. It will remain set as long as the "K" flip flop is set . The "D" flip flop will 
be cleared at T6 time and the signal H210 will go high. H210 high enables the Program 
Mode Deco der (U 222) and latches the Insert Code into the Program Mode Latch (U227). 

The signal H303 now becomes a constant low. 


The signal H214 out of the Program Mode flip flop U212-9 is used to clear the 
Delete or Null flip flop (U206-9). The signal EN L18 is also blocked and will remain 
so until the machine is returned to the manual mode. 

Release of the Insert key will allow the Program M ode flip flop (U 212-9) to reset. 
The signal H214 will go low. 1st Data will clear the False 1st Data flip flop (U226-9) 
and it will remain cleared. 
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2-10.0 EDIT FUNCTION 
2-10.2 INSERT MODE (Cont.) 

With the signal H303 low into gate U223-3, t he ou tput signal H228 becomes a constant 
high. H228 is inverted low by gate U218-2 and H228 will be a constant low. Gate 219-3 
sets the Y5 latch and gate 225-8 sets the False 1st Data flip flop U226-9. 

A key representing an instruct ion is depressed. The key is decoded and the "D" 
flip flop will be set. 1st Data decoded after the set of the "D" flip flop will pre¬ 
set the H202 flip flop (U204-5) due to the action of gate U217-12. 

The Marker Counter will count to zero in the position designated for insertion. 

H201 flip flop (U233-9) will set and H200 flip flop (U233-12) will be cleared at the 
end of T0 or T4 time. 


The signal H218 out of gate U217-6 will go low and U211-13 will go high. H2Q4 w ill 
go low and data will be entered into the shift registers from the Z Counter. H218 
going low permissed the set of the Delete/Insert flip flop U203-8 via gate U230-1. 

The T0 or T4 that resets H201 flip flop (U233-9) and the H202 flip flop (U204-5) 
will set the Delete/Insert flip flop (U208-8). The signal H204 will then return to 
its normal high condition and H203 will be high for the balance of the data pass. 


The signals H203 and H204 (U215-6 and U205-1) being high causes all of the inst¬ 
ructions in storage,after the insert is completed, to be routed back to the shift 
registers via the Delayed Data Registers (U112 and U114). 

Since the Marker Counter was retarded one count when the H201 flip flop set via 
gate 224-11, it is now pointing to the position immediately following the last insert¬ 
ed data. 

The first null out of the shift registers permisses the reset of the Delete/Insert 
flip flop (U208-8). The next T0 or T4 will reset the flip flop and H203 will be made 
low at gate U215-6. Data will now be routed from the output of the shift registers 
to the input of the shift registers directly. The insertion of one instruction is 
complete. All other Insertions of instructions are accomplished in the same manner. 
Depression of the Reset key causes the machine to return to the manual mode. 
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2-11.0 OPERATIONAL TIMING FOR THE MICRO ROMS 

The "T" Counter is the key on which the Micro Roms and their attendant circuitry 
function. 

The output of the Micro Roms is latched in the Instruction Latches at the beginning 
of T8 time. The bit "0" flip flop is clocked, incrementing the Rom Address Counter 
and changing the address bit "0" at the end of T8. 

The Rom latch output will be stored in the two Address Selection Registers, U508 
and U520, unless a branch is required. This loading will be at the end of T0 time. 

The output of the Macro Roms will be loaded into the Address Selection Registers 

at the end of T0 time if a branch is required. 

The determination of the address to be stored at the end of T0 time is made by the 

Micro Rom instruction bit 7. It will select the Branch instruction from the Macro Rom 
Instruction Latches if the seventh bit is high, or it will select the Micro Rom Latch 
output if the seventh bit is low. 

The instruction will be stored until the end of the next T0 time. It will be changed 
to the next selected instruction at that time. 

The Micro Rom bit 0 address flip flop provides an input to the 0 address input of 
the selected Rom and clocks the Rom address counter. 

Normally, the Bit 0 address flip flop is clocked at the end of T8. However, it may 
be cleared or preset at T1 time, or it may be clocked one additional time in this 
timing cycle at the end of Tl. This additional clocking will cause two addresses to 
appear at the inputs to the Micro Rom in one ,f T" timing cycle. The one present at the 
beginning of T8 will be the one set into the Rom instruction latch. Thus, one inst¬ 
ruction has been skipped. 

One other condition would cause a skip to occur at T4 time. A test is made to de¬ 
termine the status of the printer. The Bit 0 flip flop is made to skip an i nstruction 
if the printer is busy. The signal: Printer Busy (F) and Test Printer Busy (F400) are 
combined in U514-1 for the test. 

The skips at Tl time are generated by successful tests as is the one at T4 time. 

A test to chec k the statu s of the Carry flip flop is made when arithmetic is being 
done. The signal Carry Set (C)is combined with the signal Test Carry Set (F201) in 
gate U516-4. The Bit 0 flip flop will be clocked at the end of Tl time if the Carry 
Flip flop is set and a skip will be done. 

The final test to bring about a skip determines whether or not a keyboard entry, 
either program instruction or data, is being made. The skip will not take place unless 
En L18 is low. En L18 will be made low when the machine is in Manual or Run From 
Program mode if the Start, One Step, or a program key is not depressed. It will also 
go low when in the List Program Mode and no other program key, the Start key, or the 
One Step key is depressed. 
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2-12.0 PRINT LOGIC 

A two digit print control code is used to determine the action to be taken by the 
printer. The Most Significant Digit is transferred to the Ram n B M (U619) output 
register and determines whether or not a character will be printed or another action 
will take place. If a print function is to be initiated, a "l" will be transferred 
to Ram "B" and the motor will start. A ! '2 M will cause the carriage return/line feed 
function to be activated. A "3" will be loaded into Ram M B",if the Clear Entry key 
has been depressed, and the "Spin 1 ' latch will be set causing the Motor Spin to be 
initiated. If the number in Ram "B" is a 4, 5, 6, or 7, the motor has already started, 
the carriage has started to move, and a character will be printed. 

If a "0" is loaded into Ram "B", the signal L70 will go low and the Y4, Y5, Y6, or 
Y7 latches will be either set or reset. 

The Least Significant Digit of the print control code will be transferred from 
Register 3 to Ram Output Register "A" (U626). The outputs of both "A" and "B" will 
be transferred to the Print Counter Register if the number in "B" is a 4, 5, 6, or 7. 

The "Y" control decoder (U418) will cause the setting or resetting of one of the 

"Y" latches if the number in Ram "B" is "0". The number in the "A" register determines 

which of the "Y" latches will be set or reset. The Chart, Page 2-53, shows the 
Print Control Output Codes. 

All print action begins with the signal Motor Start (U629-6) going high, as a re¬ 
sult of any one o f the 3 inpu ts to U629-6 going low. Depressing th e Paper Feed Switch 
causes the signal Paper Feed to go low. However, since the signal Paper Feed is the 
result of manually depr essin g a switch, no print action will occur. The other two 
inputs are the signals, Spin‘s and SO. 

A normal print function is initiated by a "l" being transferred from Register 0 to 
the Ram Output Register "B". The "l" will be latched i n the register and d ecoded in 
the "B" Output Register Decoder (U618) when the signal L50 goes low. L50 will go low 

when Q3 of the Micro Rom instruction is high, and F100 is a low signal. The instruction 

is 210g. 

The signal K3009 will go low for one n T ,f time. The output of U622-8 will go high 
into the clock input of the Zone Counter (U611). The Zone Counter was cleared on the 
last depression of the Reset key. 

The signal K3007 will go high at the end of T1 time and the output of U611 will step 
to "l". The signal S0 will go high and S0 will go low. The motor will start and con¬ 
tinue to run until the Zone Counter is at zero once more. 


T]ae signal Printer Busy blocks a skip in the stepping of the Micro Rom until the 
Zone Counter steps to six. 

All inputs to gate U624-6 are high with the exception of the digit home input. The 
digit home input will go high when the probe is rotated past the pickup coil. The 
Zone Counter U611 will step to "2" when the signal Digit Home goes low once more. 

When the signal sY go es low into inver ter U615-2, and the output of gate U627-11 
goes low when the signal Lead Screw Home goes high, the Zone Counter steps to 3 . 

The output of gate U627—11 will be high once again. 
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The Zone Counter steps to "4" at the end of the next Digit Home and the signal 
Carriage Start goes high. The pin is set in the helix and the print wheel begins to 
move across the paper. The next Digit Home pulse steps the Zone Counter to "5", and 
the signal S4 goes high. At the end of the next Digit Home, the Zone Counter steps 
to "6". The signal S6 going low clamps the output of gate U624-6 high and all th e 
characters to be printed will print during the time S6 is low. The signal K3002 is 
also unblocked when S6 is low 

CHARACTER PRINT 

Characters are printed in the following manner. The code for a digit, symbol, or 
letter is transferred to the Ram Output Registers A and B. The most significant digit 
will be transferred from Register 0, and the least significant digit will be transferred 
from Register "3". Register 0 will go to R.A.M. ,f B" register and register "3" will go 
to R.A.M. "A M register. 


The output of the RAM output register "B" (U619) will cause the Load signal K3003 
to go low and the most significant digit is loaded into U617 (one-half of the Charact¬ 
er Counter) while the least significant digit is loaded into the other half of the 
Character Counter (U623). 

The Character Counter increments once each time a probe on the character wheel 
passes the Character pickup coil. The Print Hammer will be fired when the Character 
Counter has a count of lOOg. The Character Counter will always step once more than 
the output code preset into the Character Counter, i.e., a "l” is represented by the 
output code 76g. Two counts are required to step the counter to lOOg and fire the print 
hammer. The character must be printed before the end of the next Digit Home. When 
Digi t H ome goes low, a negative going pulse is developed on p in 6 o f U616-4. The sig¬ 
nal S6 is low on pin 5 of U616-4 and U616-4 goes high ca using K3008 to go low for the 
duration of the developed pulse. With the signal K3008 low, the Character Counter is 
cleared. The Character Counter will then r emain at lOOg for o ne character time on the 
timing wheel. During this time, the signal Fire Print Hammer will be low. The Char¬ 
a cter C ounter will step to lOlg on the next character pulse, and the signal Fire Print 
Hammer will go high. The signal G6 and G0 will go hig h and block the Character Counter 
clock until the Character Counter is cleared by K3008. 

The next character to be printed will be loaded into the RAM output registers and 
then loaded into the character counter. The counter will count from the code loaded 
until the count reaches lOOg and the Print Hammer will be fired again. The print 
cycle will continue until all characters have been printed. Inst ructio n 210g will load 
a "2" into the RAM Output Register "B". The "2” will decode as K3005 and will preset 
the Zone Counter to M 7". 

With the Zone Counter preset to M 7", the signal Printer Busy will go high and block 
the skipping of the Micro ROM Address Counter until a new print cycle is initiated. 

The signal S6 high also blocks the Character Counter Clock and permisses U624-6 to 
function as one of the Zone Counter Clocks. 

The next Digit Home pulse will step the Zone Counter to l! 8 ,f j causing the signal 
Line Feed to go high, the paper to be advanced, the pin to be retracted, and the 
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2-12.0 PRINT LOGIC (Cont.) 

carriage to return home. The Digit Home pulses will continue to step the Zone Counter 
until a count of " 12 " is reached. At that time, the Zone Counter Clear flip flop will 
be permissed to set and it will set on the next T3 time, clearing the Zone Counter. 

The signal S0 now goes low, and the signal Motor Start goes low stopping the mo tor. 
The Printer Busy gate U632-3 is also unblocked by S0 going low. The signal K3008 
going low clamps the Character Counter clear. 

The print cycle is now complete and waiting for the initiation of the next print 
instruction. 


6/15/73 


2-52 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-12.0 PRINT LOGIC (Cont.) 


1155 PRINT CONTROL 
OUTPUT CODES. 
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The MSD comes to B from RO. The LSD comes to A from R3. 
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PRINT CYCLE - 


COUNT TO 1 ONE "PRINT START" 


COUNT TO 2 ON HOME 


COUNT TO 3 ON SHAFT REED 


COUNT TO 4 ON HOME 


COUNT TO 5 ON HOME 


COUNT TO 6 ON HOME 


COUNT TO 7 ON CARRIAGE RETURN 


* 

Motor 

Off 
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Pin 

Drive 
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Print 6 
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COUNT TO 8 ON HOME 
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CR Pin 


Drive 
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RETURN TO ZONE 0 ON CARRIAGE RETURN REED CLOSURE. 
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2-13.0 MAGNETIC CARD READER 
2-13.1 GENERAL 

The Model 511 Magnetic Card reader is a peripheral for the 
Model 1155 Calculator providing permanent program storage on 
2" x 8" cards with magnetic backing. Each card can hold two 
programs of up to 511 steps. 

The card reader has no operator controls of its own, but is 
operated by the STORE IN CARD or LOAD FROM CARD keys on the 
calculator. Start of recording or playback is affected by 
inserting a card into the front panel slot until a switch turns 
on the drive motor and the card is automatically run through 
the reader. 

All logic signals and power to the card reader run through a 
single cable of 21 wires, which is plugged into the rear of 
the calculator. 


2-13.2 SPECIFICATIONS 

SIZE: 8.1" wide, 9.5" long, 4.3" high. 

WEIGHT: 4.5# 

CABLE: 30" long, 25 conductor (21 used + 4 

spare), PVC jacketed. 

COVERS: Cast Aluminum and Molded Noryl SE-1 

(or KHP Cycoloy) thermoplastic. 

COLOR: String, with ebony front mask, grill 

and bottom. 

FEET: (4) gray polyurethane thermoplastic. 

POWER: From two secondaries of (Model 1155) 

115 VAC + 10%, 60 HZ transformer. 

At 115 VAC input: 



a) 

11.7 

VAC, 

60 HZ, 0.35A, 

2. 

7W 



b) 

18.6 

VAC, 

60 HZ, 0.17A, 

1 . 

6W 

(IDLE) 





0.40A, 

5. 

1W 

(RUNNING) 

POWER SUPPLIES: 

a) 

+5 VDC, 5% 

regulation, 

200 

ma 



b) 

-12.5 

VDC, 

7% regulatio 

n, 

200 

ma 



fused 

3/4A 

, sio bio. 




LOGIC: 

+ 5 V 

cc 

DTL & 

TTL 






4 - track record - play head. 


MAGNETIC HEAD: 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 
2-13.2 SPECIFICATIONS (Cont.) 


RECORD SCHEME: 

RECORDING SYSTEM: 
RECORD CURRENT: 
PLAY VOLTAGE: 
OPERATION: 


CONTROLS: 
CARD CHUTE: 

MAGNETIC CARD: 


STORAGE CAPACITY: 

BIT DENSITY: 
MOTOR SPEED: 
DRIVE WHEEL SPEED: 
CARD VELOCITY: 
OSCILLATOR FREQUENCY: 
RECORD FREQUENCY: 

STEPS: 
RECORD TIME: 
RECORD LENGTH: 
EDGE-HEAD DISTANCE: 

AMPLIFIER OFFSET: 
AMPLIFIER OUTPUT: 

SNR: 


6 parallel bits separated into 2 groups 
of 3 bits and recorded on 3 data tracks; 
fourth track used to record a CLOCK signal. 

NRZ (non-return-to-zero). 

4 milliamp. 

15 millivolts pk-to-pk. 

Operated by STORE ON CARD or LOAD FROM 
CARD keys on 1155 calculator, and by 
insertion of magnetic card into card 
chute. 

None. 

2.000 in. wide, entry in front and 
exit top rear. 

1.997 in. wide, 8.00 in. long, 0.0085 in. 
thick polyester (mylar) magnetic 
coated card. 

3066 bits (511 program steps x 6 bits 
per program step); plus 1022 clock bits. 

162.5 bits/in. + 12 bits/in. (DATA). 

3000 RPM + 60 RPM. • 

378 RPM + 15 RPM. 

8.0 in/sec. + 0.7 in/sec. 

42. KHZ ± 3. KHZ. 

1312.5 HZ + 100 HZ. 

1 022 (51 1 program steps x 2). 

0.78 sec. + 0.06 sec. 

6.28 in. ± 0.8 in. 

0.608 in. ± 0.003 in. from edge of 
magnetic card to nearest edge of 
Track 1 recording. 

0 Volt + 0.15V 

-0.7V minimum, ground to average 
negative peak. 

12 : 1 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION 
CALCULATOR CODE : 

The Model 1155 Calculator transmits to and receives from the 
Model 511 Card Reader a six-bit code (called Z-code). See 
"Model 1155 Keyboard Codes" chart on Page 2-85. Each six-bit 
code corresponds to one calculator machine instruction. . 


RECORDING CODE : 

The non-return-to-zero (NRZ) coding scheme is used in the Model 
511 Magnetic Card Reader (also called modified dipole). This 
is a level type of recording. 

This coding method uses a positive current flow for the 
duration of writing 1's and a negative current flow for the 
duration of writing O's. When a 1 is recorded, the entire 
cell is magnetized to plus saturation. When a series of 1's 
is recorded, the entire length of the tract is magnetized to 
plus saturation. The first 1 initiates the DC level change 
and subsequent 1's maintain a constant write current. 

A long series of like digits records a long single magnet on 
the card. Polarity reversal occurs only when a 1 follows a 
0 or a 0 follows a 1. The card surface is continually saturated 
at one polarity or the other. 


The readback voltage only appears where there is a change of 
flux: E = N d£ , or only when a 1 follows a 0 or a 0 follows 


Since there is not necessarily any change of flux at each bit 
time,in NRZ coding, clock pulses are separately generated. 


BINARY | 1 | 1 | i | ° | 0 | ° I i | ° | 1 


WRITE 

CURRENT 



READ 

VOLTAGE 


.. . . | j' ■■ .. 0 

Non-return-to-zero (NRZ) coding 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

RECORDING : 

The RECORD DATA 1 to RECORD DATA 6 inputs carry the six 
parallel data bits from the calculator that are to be stored. 
Since the card reader has only three heads available for 
recording data (and one for recording a clock), three bits 
are recorded in parallel immediately and three bits are held 
temporarily and then recorded in parallel in the next bit 
location on the magnetic card. 

Data is transferred and recorded at the E clock frequency of 
1.25 kHz (see timing diagram). RECORD DATA 4 to RECORD DATA 6 
are recorded immediately, then RECORD DATA 1 to RECORD DATA 3 
bits are shifted to RECORD DATA 4 to RECORD DATA 6 and 
recorded. 

RECORD DATA 6 will be described; RECORD DATA 4 and RECORD 
DATA 5 are identical. RECORD DATA 1 to RECORD DATA 3 are 
similar. 


BIT 6, BEFORE RECORDING : 

Consider that RECORD DATA 6 input signal is negative before 
recording. The RECORD DATA 6 (Gate 12) DATA CONTROL input 
is held negative and the output, or D input to RD6 flip-flop 
(Number 18) is positive. RD CLEAR is held negative by _ 

SWI TCH 2 through Gate 20. The RD6 output is negative and 
RD6 output is positive. 

RECORD is negative and so the TRACK 1, BIT 3 Pin 5 and TRACK 1, 
BIT 3 Pin 6 nodes (frail Gates 34 and 33) are both held positive. 
Current cannot flow between Pin 5 and Pin 6 of Bit 3 head since 
both are positive (and recording can not take place). 

If RECORD DATA 6 input signal is positive before recording, 
the resultant (recording can not take place) is unchanged. 

(See Block Diagram, Page 2-58.) 


BIT 6, LEADING EDGE: 


When recording is to take place, the normally positive RECORD 
input is forced negative by the STORE ON CARD key on the 
Model 1155 calculator (see timing diagram). 

Some time later a magnetic card is inserted into the card 
reader, activating SWITCH 1. At this time, the RECORD signal 
goes positive permitting the outputs of the RD6 flip-flop. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

(which were still held by a negative RD CLEAR ) to b e seen at 
the BIT 3 head. The RD6 signal is negative and RD6 is positive. 
BIT 3 Pin 6 at the output of Gate 34 is positive and BIT 3 
Pin 5 at the output of Gate 33 is negative. 


Current defined as negative to positive (from Bit 3 Head, Pin 5 
to Pin 6) will record a (call it minus saturation) zero. This 
minus saturation is continuously recorded on the leading edge 
of the magnetic card before data recording, in order to initialize 
the leading edge. Current from 5 to 6 records a zero; from 
6 to 5 records a 1. 


BIT 6, DELAY : 

Approx imately 135 milliseconds after the motor starts and 
RECORD goes negative, the magnetic card activates SWITCH 2. 

At this time, the RD CLEAR signal goes positive, preparing the 
RD6 flip-flop for RECORD DATA 6 input to be clocked. The 
clock is not yet turned on, so data is not yet transferred. 

The 10 millisecond delay is started at this time. 


BIT 6, RECORDING: 


At the end of the 10 millisecond delay the DELAY signal goes 
positive, releasing the overriding negative preset on the A 
and B flip-flops of the timing chain and the timing chain 
starts to run. 

Initially DATA CONTROL will be low, unblocking Gate 12, allowing 
the D permiss of RD6 flip-flop to be controlled by RECORD DATA 6 
input. The RD6 flip-flop will change state on the clock input 
as controlled by the RECORD DATA 6 input. 

If RECORD DATA 6 input is positive, the BIT 3 Head will record 
a one. 

At F time, DATA CONTROL will go high, blocking RECORD DATA 6 
input at Gate 12, unblocking Gate 11 allowing RD6 to be 
controlled by RD3. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 
2-13.3 OPERATION (Cont.) 

RECORD DRIVERS: 


+ 5V 



The 3.3K resistors are used on the outputs of the DTL gate 
head drivers as current source resistors. 


When the output of Gate 33 is positive and the output of 
Gate 34 is negative, the 3.3K resistor on the output of 
Gate 33 provides approximately 4 ma. head drive. 


PLAYING : 

The PLAY DATA 1 to PLAY DATA 6 outputs carry the six parallel 
data bits that are to be transferred to the Model 1155 calculator. 

Since the card reader has only three heads_available for recording 

data (and one for recording a clock), three bits are played in 
parallel and held while the next three bits are played; then all 
six bits are transferred to the calculator. 

Data is transferred at the P clock frequency of 0.625 kHz from clock 
data recorded at the E clock frequency of 1.25 kHz (see timing 
diagram). Bits 4 to 6 are played and shifted to outputs PD4 to 
PD6, then Bits 1 to 3 are played and shifted to PD1 to PD3. 

PLAY DATA 6 will be described: PLAY DATA 4 and PLAY DATA 5 

are identical. PLAY DATA 1 to PLAY DATA 3 are similar. (See Play Data 6 

Block Diagram, Page 2-62.) 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 
2-13.3 OPERATION (Cont.) 


BLOCK DIAGRAM 
PLAY DATA 6 



BIT 6, BEFORE PLAYING : 


The RECORD signal is held positive before and during playing, 
forcing RECORD from Gate 27 to be negative. RECORD staying 
negative: 


(a) disables the CLOCK signal by forcing the output of 
Gate 49 to stay positive; 

(b) forces the output of Gate 6 l positive, preventing 
E and P from being anded; 

(c) forces the output of Gate 64 positive, permitting 
only PLAY control of the motor; 

(d) forces the outputs of Gates 29 through 36 positive, 
preventing recording; 

(e) forces DATA CONTROL output from Gate 50 positive, 
blocking RECORD DATA 1 to RECORD DATA 6 inputs 
through Gates 2, 4, 6 , 8 , 9 and 12; 

(f) permits transfers through Gates 1, 3> 5> 7, 10 and 11 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

The PLAY signal is held positive before playing, forcing PLAY 
from Gate 28 to be negative. PLAY staying negative: 

(a) disables the CLOCK signal from Track 3 by forcing the 
output of Gate 48 positive; 

(b) holds the motor off by forcing the output of Gate 65 
positive; 

(c) presets PD1 to PD6 and thus PLAY DATA 1 to PLAY DATA 6 
negative. 

Before playing, the SWITCH 1 signal is negative: 

(a) holding the motor off by forcing the outputs of 
Gates 64 and 65 positive; 

(b) forcing the READER BUSY signal positive through Gate 66. 

(c) holding the P output of the F flip-flop negative. 

Before playing, the SWITCH 2 signal is negative preventing the 
B, C and D flip-flops from running. 

Before playing, the SWITCH 2 signal is positive: 

(a) holding PLAY RECORD CLOCK negative through Gate . 63 . 

(b) holding RD CLEAR negative and clearing RD1 to RD6; 

(c) holding DELAY positive. 

BIT 6, START OF PLAY : 

When playing is to take place, the normally positive PLAY 
input is forced negative by the LOAD FROM CARD key on the Model 
1155 calculator. This allows the PLAY signal to go positive: 

(a) permitting the played CLOCK signal from Track 3 through 
Gate 48; 

(b) permitting the SWITCH 1 signal to control the motor; 

(c) removing the clear from PD1 to PD6 flip-flops. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cent.) 
2-13.3 OPERATION (Cont.) 


Some time later a magnetic card is inserted into the card reader 
activating SWITCH 1. The SWITCH 1 signal going positive: * 


(a) 

(b) 

(c) 


sends a negative READER BUSY signal to the calculator 
through Gate 66 to prepare the calculator to receive data; 

starts the motor through Gate 65; 

removes the clear from the P flip-flop. 


The SWITCH 1 signal has no effect at this time. 

Since a zero is recorded on the leading edge of 

the magnetic card in the record mode, no changes in flux 

saturation are played at this time. 

After approximately 135 milliseconds of card travel, the magnetic 
card activates SWITC H 2. Th e SWITCH 2 signal going positive 
has no effect. The SWITCH 2 signal going negative: 

(a) sets the RESET SCHMITT TRIGGERS positive, setting 
the four Schmitt triggers to negative saturation; 

(b) starts the DELAY circuit, which has no effect; 

(c) puts a negative i nput on Gate 63 which permits 
PLAY RECORD CLOCK through action of Gate 62; 

(d) removes the overriding negative preset to the RD1 

to RD6 flip-flops by making RD CLEAR positive through 
Gate 20. 


BIT 6 PLAY : 

One DELAY time, approximately 10 milliseconds, after SWITCH 2 
is activated, the first recorded Bit 6 signal will be played. 

Assuming that this signal is a ONE bit, a change in recorded 
flux direction from negative saturation to positive saturation 
will produce a negative voltage pulse across the inputs of the 
READ AMPLIFIER. This will be amplified and appear at the input 
to the Schmitt trigger. This negative pulse, with the Schmitt 
trigger preset to negative saturation, will switch the output 
of the Schmitt trigger to positive saturation. 

This level change will appear at the D input of RD3 as a 
change from positive to negative after inversion in Gate 5* 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

At the next CLOCK (E-time) positive-going edge RD3 will be 
clocked and the RD3 signal will change (from preset negative) 
to positive. 


RD3 going negative will be seen at the L input of PD3 and will 
be seen at the output of PD3 at the next E negative going edge 
(F-time). 

RD3 going positive will be seen at the D input of RD6 as going 
negative after inversion through Gate 11 and be clocked into 
RD6 at the next CLOCK (E-time) positive-going edge, changing the 
RD6 signal to positive. 

RD6 going negative will be seen at the D input of PD6 and will 
be seen at the output of PD6 at the next F-time. 


R5 

560K 



READ AMPLIFIERS : 

N5558V operational amplifiers are used to amplify the low 
level voltage output from the heads. The two 680 ohm series 
impedances are high relative to X, of the head and X c of Cl 
and C2 in order to make them the predominant impedances of 
the input circuit. The two 2 /j f capacitors provide AC coupling. 

Two 6.8K ohm resistors are DC returns to ground for the 
amplifier; common mode impedances from head to amplifier. 

The 560K ohm negative feedback resistor and the two 680 ohm 
resistors provide the gain of approximately 800. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 

2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

SCHMITT TRIGGERS: 



N 5558V operational amplifiers are used as Schmitt triggers 
to change the READ AMPLIFIER outputs from pulses to levels 
in order to restore the played signal back to the 1155 calculator 
coding scheme. 

R1 biases the input from RESET SCHMITT TRIGGER. R2 and R3 
provide positive feedback to clamp the op amp positive or 
negative. R4 provides output current control and the output 
clamp diode prevents a negative input to the DTL gate fed by 
the output. 

The - input to the op amp is near ground. Operation of SWITCH 2 
by the magnetic card sets RESET SCHMITT TRIGGER positive. The 
positive RESET sets the SCHMITT TRIGGER output to negative 
saturation. 

In this state a positive pulse on the - input to the op amp 
will have no effect on the output, but a negative pulse will 
switch the output to positive saturation. 

With the output at positive saturation, a positive pulse in 
the - input will switch the output back to negative saturation 
while a negative pulse will have no effect. 
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LOGIC DESCRIPTION 

2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

BLOCK DIAGRAM 
PLAY CLOCK 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

This CLOCK signal is inverted: 

CLOCK 



CLOCK and CLOCK are now fed to cross-coupled gates: 

CLOCK _ 



Note that Gate 1 output and Gate 2 output are negative 
when CLOCK is positive and Gate 1 output and Gate 2 output 
are both forced positive when CLOCK is negative. 

Therefore, Gate 1 and Gate"2 outputs can be wire-ored: 


CLOCK 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 
2-13.3 OPERATION (Cont.) 

OSCILLATOR: 


+ 5V 



C4 

. 1 /if 


The oscillator is a Colpitts oscillator whose frequency is 
determined by Cl, C2 and LI where: 


f 


FirTL T T 


where C 


(Cl)x(C2) 
Cl + C2 


C = .016 jufd 
L = 1 mh 
f = 40 kHz 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

CLOCK PLAY : 

Approximately one DELAY time (about 10 milliseconds) after 
SWITCH 2 is operated, the first recorded signal will be played. 

The first recorded transition of the E clock will give a 
positive pulse to the Clock Schmitt trigger which will have: 
no effect on the preset to negative saturation. The second! 
recorded transition of the E clock will give a negative pulse 
to the Clock Schmitt trigger which will switch the output to 
positive saturation. 

The PLAY signal, being positive, will permit the CLOCK signal 
to be inverted by Gate 48. The shaper will pass the inverted 
CLOCK signal to the P flip-flop. The E signal, inverted by 
Gate 6l and permitted by SWITCH 2 operation throu gh Gate 63 
becomes the PLAY portion of the PLAY RECORD CLOCK output to 
the calculator. 

The clock signal is at the recorded E flip-flop rate of 1.25 kHz. 


SHAPER : 

The CLOCK signal shaper consists of Gates 55 , 56 and 57* It 
is used in both the RECORD and PLAY modes, but is only required 
in the PLAY modes to shape the CLOCK signal from the CLOC.K 
amplifier. Number 46. The CLOCK signal shaper output polarity 
follows the input polarity after a double inversion. 

Inputs to the CLOCK signal shaper are: 

(A) the playback CLOCK pulses in the PLAY mode from 
Gate 48 or; 

(B) the E signal from the timing chain in the RECORD 
mode from Gate 49. 

The shaped output from this circuit: 

(A) clocks the F flip-flop of the timing chain. Number 60; 

(B) drives Gate 6l at E frequency in RECORD mode; 

(C) clocks RECORD DATA 1, 2 and 3 at E frequency through 
Inverter 67 , and 

(D) clocks RECORD DATA 4, 5 and 6 at E frequency through 
Inverter 68. 

This circuit is essentially a cross-coupled two gate flip-flop, 
similar to the SWITCH 1 flip-flop. To explain its operation, 
first note that only one CLOCK signal is available in the PLAY 
mode: 

CLOCK 
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LOGIC DESCRIPTION 

2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

The circuit is now redrawn as shown on the schematic: 



This shaper circuit is placed in the CLOCK circuit after 
the PLAY mode Gate 48 and RECORD mode Gate 49 (instead of 
directly in the output of the CLOCK amplifier. Number 46),. 
in order to take advantage of the TTL inverter Number 57 
(7404) to drive the clock input of the F flip-flop. 


OSCILLATOR : 

OSCILLATOR is the output from the oscillator and pulse 
shaper. The oscillator is free running whenever the power 
to the card reader is turned on. The oscillator operates 
at 40kHz nominally. 


OSCILLATOR is formed by inverting OSCILLATOR in Gate 21 
which isolates the oscillator from the timing chain. 
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LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

R1 and C4 form a by-pass network to prevent oscillator noise 
from entering the +5V supply. R2 and R3 are a voltage divider 
to bias the transistor for self-starting and self-adjusting. 

C3 is a by-pass for lower impedance on the base of the 2N3904 
at the oscillator frequency. R4 is the current source for the 
oscillator circuit. 


OSCILLATOR SHAPER: 


+ 5V 



OSCILLATOR SHAPER: 


The shaper input has an emitter follower stage for impedance 
matching and a low load on the oscillator input. 

Cl provides AC coupling to the output stage. R2 and R3 are 

chosen to set the slicing level for a 50 % duty cycle. The 
diode is to prevent the base-emitter junction of the output 

transistor from loading the balancing action of R2 and R3- 

Rl, the output stage load resistor, is small for fast turn-off. 


6/15/73 


2-72 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 
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2-13.0 MAGNETIC CARD READER (Cont.) 
2-13.3 OPERATION (Cont.) 


BLOCK DIAGRAM 
CARD READER TIMING 


DELAY after SWITCH 2 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

TIMING CHAIN : 

The timing chain A flip-flop Number 22 is clocked at the 40 
kHz rate of the oscillator through Inverter 21, which squares 
the oscillator output and provides noise suppr ession. A 
follows the oscillator except during the DELAY negative pulse 
which holds the over-riding preset input negative forcing Q 
positive. 

The 20 kHz A output drives the B flip-flop Number 23. 

The timing chain B flip-flop Number 23 is clocked at the 20 
kHz rate of the output of the A flip-flop. 

B follows A: 

(A) whenever SWITCH 2 is activated by a magnetic card 
(changing the output of the SWITCH 2 flip-flop to 
positive) which removes the over-riding negative 
clear input forcing Q negative; 

(B) except when the DELAY negative pulse holds the 
over-riding preset input negative forcing Q positive. 

The 10 kHz B output drives the C flip-flop Number 2b. 

The timing chain C flip-flop Number 2b is clocked at the *10 
kHz rate of the output of the B flip-flop. 

C can follow B whenever SWITCH 2 is activated by a magnetic 
card (changing the output of the SWITCH 2 flip-flop to 
positive) which removes the over-riding negative clear input 
forcing Q negative. 

The 5 kHz C output drives the D flip-flop Number 25* 

The timing chain D flip-flop Number 25 is clocked at the 5 
kHz rate of the output of the C flip-flop. 

D can follow C whenever SWITCH 2 is activated by a magnetic 
card (changing the output of the SWITCH 2 flip-flop to positive) 
which removes the over-riding negative clear forcing Q negative. 

The 2.5 kHz D output drives the E flip-flop Number 26. 

The timing chain E flip-flop Number 26 is clocked at the 2.5 
kHz rate of the output of the D flip-flop. 

E can follow D only in the RECORD mode which removes the over¬ 
riding negative clear forcing Q negative. 


6/15/73 


2-74 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 
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2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

The 1.25 kHz E output drives: 

(A) the input Gate 35 to the clock magnetic head and; 

(B) the RECORD mode input to the CLOCK signal shaper 
at Gate 48. 

The 1.25 kHz E output drives the input Gate 36 to the clock 
magnetic head. 

The timing chain P flip-flop Number 59 is clocked at the 1.25 
kHz rate of the output of the E flip-flop in the RECORD mode 
(through the CLOCK signal shaper). The F flip-flop is clocked 
by the recorded CLOCK at approximately 1.25 kHz in the PLAY 
mode (through the CLOCK signal shaper). 

The F flip-flop is allowed to run only when SWITCH 1 is 
activated by a magnetic card (turning the SWITCH 1 flip-flop 
positive) which removes the over-riding negative clear input. 

The 0.625 kHz F output: 

(A) Clocks the PLAY DATA 1, 2 and 3 flip-flops through 
Inverter 64; 

(B) clocks the PLAY DATA 4, 5 and 6 flip-flops through 
Inverter 65 . 

The 0.625 kHz F output: 

(A) is anded with the output of the CLOCK signal shaper 
in Gate 6l to form ( along with SWITCH 2 from SWITCH 
2) PLAY RECORD CLOCK. 

(B) is anded with RECORD in Gate 49 to form the input 
data control. 


The PLAY RECORD CLOCK output signal to the calculator provides 
timing to the calculator in both the RECORD and PLAY modes. 

This signal is made by wire-oring SWITCH 2 from Gate 62 which 
follows SWITCH 2 with the clock signal from Gate 6l in order to 
provide timing to the calculator only when SWITCH 2 is activated 
by a magnetic card. 


RECORD is made by inverting the RECORD input in Gate 27 and 
wire-oring it with the ou tput of Gate 38 . The RECORD signal 
goes positive when RECORD goes negative upon depression of the 
STORE ON CARD key on the 1155 calculator and a card has been 
inserted into the card reader far enough to operate SWITCH 1. 
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2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

It stays positive until the card has passed by SWITCH 1 completely, 
which turns RECORD negative and through the 1155 calculator 
turns RECORD positive, which holds RECORD negative. 


RECORD, going positive: 

(A) allows flip-flop E, Number 26, of the timing chain 
to operate (when flip-flop D is driving it) by 
removing the over-riding negative clear to flip- 
flop E; 

(B) permits the eight input Gates 29 to 36 to the four- 
track recording head to invert the eight outputs 
from flip-flops DATA 4, DATA 5, DATA 6 and E; 

(C) permits E from the t iming chain to be inverted by 
Gate 48 to make the RECORD CLOCK signal (portion 
of PLAY RECORD CLOCK ); 

(D) permits CLOCK DATA from the CLOCK DATA flip-flop 
Number 59 to be inverted by Gate 49 to clock the 
six RECORD DATA inputs. 

PLAY is made by inverting the PLAY input in Gate 28. The PLAY 
signal goes positive when PLAY goes negative upon depression 
of the READ FROM CARD key on the 1155 calculator. 

PLAY going positive: 

(A) allows the data being read to be transferred through 
the six PLAY DATA flip-flops. Numbers 69 to 74 f by 
removing the over-riding negative preset to these 
flip-flops; 

(B) permits the CLOCK sign al to be inverted by Gate 47 

to make the PLAY CLOCK signal (portion of PLAY RECORD 
CLOCK); 

(C) permits the MOTOR CONTROL signal to turn on the motor 
when a magnetic card is inserted. 

The SWITCH 1 flip-flop, made from cross-coupled Gates 50 and 51, 
is activated by SWITCH 1. 

SWITCH 1 normally negative, going positive when activated by 
SWITCH 1: 


(A) is inverted by Gate 65 to make the READER BUSY 
signal; 
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FR1DEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

(B) is anded with PLAY in Gate 64 to turn the motor on 
during magnetic card playback. 

(C) is anded with RECORD in Gate 63 to turn the motor on 
during recording. 

(D) allows the P timing chain flip-flop. Number 59, to 
operate by removing the over-riding negative clear. 


SWITCH 1 is inverted by Gate 38 to form (along with RECORD) 
RECORD. 

MOTOR, the output signal of Gate 66 is normally negative and 
goes positive to turn on the motor through"a transistor driver 
circuit. 

MOTOR is made by a wire-or of: 

(A) SWITCH 1 and PLAY, Gate 64, or 

(B) SWITCH 1 and RECORD, Gate 63 . 



The motor driver circuit shifts the level and amplifies the 
input signal to drive the 12 VDC motor. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

R1 Is a pull-up resistor. R2 is the current limiting and drive 
resistor for the base of the first 2N3906. R3 is the current 
source. R*J is the pull-up resistor. R5 limits current and R6 
is the source. R7 biases the second 2N3906 to insure it can 
reach off condition. R8 is the load and 2N519^ output switch 
turn-on resistor. The .01 p f Miller capacitor and the TS4 diode 
are for noise suppression. CR1 prevents back biasing the 2N519^* 
LI and C2 decouple motor noise from the -12V supply. 


+ 5V 



The switches are wired to a -12V'clamp through a 100 ohm line 
capacity noise suppression resistor. The 5-6K ohm resistor 
provides current source control. The 10K ohm resistor is a 
pull-up resistor to back-bias the internal input diodes in the 
DTL gate. The diode prevents excessive negative voltage on the 
input of the DTL gate. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 

2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

SCHMITT RESET AMP: 


-12V 



R1 is the load resistor for the DTL driver and current source 
to overcome the on bias. R2 and R3 provide level shift and 
isolation. R*J is the transistor load resistor. 


When SWITCH 2 is operated by the magnetic card, SWITCH 2 goes 
negative and RESET SCHMITT TRIGGER goes positive. When the 
card has passed by SWITCH 2, RESET SCHMITT TRIGGER returns to 
negative. 
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LOGIC MSCtlMICSM 

2-13.0 MAGNETIC CARD READER (Goat.) 

2-13.3 OPERATION (Coat.) 



The Input Is normally positive, holding the transistor on and 
the output negative. A negative input turns the transistor 
off and the output goes positive until the RC network recharges, 
at which time the transistor turns on and the output goes' 
negative. 

The one-shot time ,-constant is approximately 0.7 RC: (.7) x 
(12K) x (1 x 10 ~ b ) = 8.4 milliseconds. 

Slicing is close to the half-way point between -5V and +5V 
near ground. 

A 10 millisecond delay before recording is incorporated in 
order to ensure that the first recorded bits on the magnetic 
card are well within the confines of the card so that they will 
not be missed during playback. 


When SWITCH 2 is activated, SWITCH 2 goes negative. This forces 
the output of the delay transistor one-shot,normally negative, 
to go positive for an RC time of (12 K ohm times 1yufd) 
approximate ly 10 milliseconds. This DELAY pulse is inverted in 
Gate 37 to DELAY which stops the timing chain by an over¬ 
riding clear on the A and B flip-flops. Numbers 22 and 23* 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 

2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

DELAY TIMING: 



The SWITCH 2 flip-flop, made from cross-coupled Gates 52 and 
53, is activated by SWITCH 2. 

SWITCH 2,normally negative, going positive when activated by 
SWITCH 2 allows flip-flops B, C and D, Numbers 22, 23 and 24, 
of the timing chain, to operate (when flip-flop A is driving 
them) by removing the over-riding negative clear. 

SWITCH 2, normally positive, going negative when activated by 
SWITCH 2: 

(A) presets the four playback amplifiers on through a 
transistor driver circuit; 

(B) activates the 10 millisecond delay circuit on the 
initial negative-going edge; 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

(C) allows, after inversion in Gate 20, the six 
RECORD DATA flip-flops. Numbers 13 to 18 to control 
data inputs by removing the over-riding negative 
clears; 

(D) permits the PLAY RECORD CLK output after inversion 
in Gate 62. 

SWITCH 1 is activated by the leading edge of the magnetic 
card when it is inserted into the card reader and deactivated 
by the trailing edge of the card after it has passed through 
the card reader. 

SWITCH 1 IN and SWITCH 1 IN control, after a switch bounce 
noise suppression circuit, the SWITCH 1 flip-flop, made of 
cross-coupled Gates 51 and 52. 

SWITCH 2 is activated by the leading edge of the magnetic 
card when it is running through the card reader and deactivated 
by the trailing edge of the card after it has passed through 
the card reader. 


SWITCH 2 IN and SWITCH 2 IN control, after a switch bounce 
noise suppression circuit, the SWITCH 2 flip-flop, made of 
cross-coupled Gates 53 and 5^. 


PLAY, an input signal to the card reader operated by the -LOAD 
PROM CARD key on the 1155 calculator, is normally positive and 
goes negative when a recorded card is to be read. This signal 
must stay negative until playback is completed. 


PLAY is set negative b y the READE R BUSY output going negative 
and reset positive by READER BUSY going positive. 


Note that PLAY can also be reset positive by depression of 
the RESET key on the 1155 calculator. This action will terminate 
playback and stop the motor. If the motor is stopped with the 
card within the reader, the card may be manually extracted from 
the card reader (be careful not to scratch it!) or by redepression 
of the LOAD PROM CARD key, the motor will restart and eject the 
card. Transferred data under these condition is not to be 
trusted. 


RECORD, an input signal to the card reader operated by the 
STORE ON CARD key on the 1155 calculator, is normally positive 
and goes negative when a recording is to be made. This signal 
must stay negative until recording is completed. 


RECORD is set negative by the REA DER BUSY output going negative 
and reset positive by READER BUSY going positive. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 
2-13.3 OPERATION (Cont.) 


Note that RECORD can also be reset positive by depression 
of the RESET key on the 1155 calculator. This action will 
terminate recording and stop the motor. If the motor is 
stopped with the card within the card readfer, the card may 
be manually extracted from the card reader (be careful not 
to scratch itl) or by redepression of the STORE ON CARD key, 
the motor will restart and eject the card. Transferred 
data under these conditions is not to be trusted. 


POWER SUPPLIES : 

Two separate windings from the secondary of the Model 1155 
power transformer provide power to the card reader power 
supply. The windings are 11 VAC to power the +5 VDC supply 
and 18VAC to power the -12 VDC supply. 

The +5 VDC and -12 VDC supplies are similiar series 
regulated supplies with a common ground. 


POWER SUPPLY +5V : 

A full wave bridge and capacitive input 

filter feed a series power regulator (2N519 i O with a series 
8.2 ohm current limiting resistor. Q6 (SP8277) is the 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

driver for the power regulating transistor and R2 is the 
turn-off resistor. R3 and R4 are the load for Q4 and 
current source for Q6. C2 provides decoupling for pre¬ 
vention of 120 Hz modulation of the amplifier. The -12V 
is the reference voltage from which a reference current 
flows through R6 and R7. R5 is a negative feedback 
resistor from the +5V through which a compare current 
flows. Q4 is the sensing transistor that compares the 
junction of the feedback current and the reference current. 
The 2K ohm potentiometer R6 adjusts the reference current 
and R7 limits the adjustment. The diode to -12V provides 
temperature compensation. C3 is a Miller capacitor to 
slow down the response of Q3 to prevent oscillation. 


POWER SUPPLY -12V : 

A full wave bridge and capacitive input filter feed a series 
power regulator (SP8277) with a series 2.7 ohm current limiting 
resistor. Q2 (2N519^) is the driver for the power regulating 
transistor and R9 is the turn-off-resistor. RIO and Rll are 
the load for Q3 and current source for Q2. C6 provides 
decoupling for prevention of 120 Hz modulation of the amplifier. 
Q3 is the sensing transistor and a 1N759A, 12V zener diode is 
the voltage reference element. R12 provides threshold current 
for the zener diode. C7 is a noise by-pass capacitor and 
energy storage in order to maintain a low impedance beyond 
the frequency response of the regulator. PI provides short 
circuit or stalled motor current protection. 


+5V 
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LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

MODEL 1155 KEYBOARD CODES 


KEYTOP 

KEYBOARD CODE 

z_ 

CODE 



LIST 

F 

m 

PROG 

BUSS 

1 


._ 

Mi ' 

»_ 


WRITE 

C 

m 

PROG 

BUSS 

- 

2 

- 

- 

- 

- 

INSERT 

7 

ui 

PROG 

BUSS 

1 

2 

- 

- 

- 

- 

DELETE 

£ 

ui 

PROG 

BUSS 

- 


3 


- 

- 

LOAD PROM CARD 

7 

m 

PROG 

BUSS 

1 

- 

3 

- 

- 

- 

STORE IN CARD 

9 

m 

PROG 

BUSS 

- 

2 

3 


- 

- 

CLEAR PROG 

F 

m 

PROW 

BUSS 

1 

2 

3 

- 

- 

- 

0 

a 

7 



- 

- 


4 

- 

- 

1 

b 

7 



1 


- 

4 

- 

- 

2 

c 

i 



- 

2 

- 

4 

- 

- 

3 

7 

7 



1 

2 


4 

- 

- 

4 

£ 

# 

5 



- 

- 

3 

4 

- 

- 

5 

<5 

j 



1 

- 

3 

4 

- 

- 

6 

9 

5 



- 

2 

3 

4 

- 

- 

7 

h 

j 



1 

2 

3 

4 

- 

- 

8 

a 

k 



- 

- 

- 

- 

5 


9 

b 

k 



1 

- 

- 

- 

5 

- 

• 

c 

k 



- 

2 

- 

- 

5 

- 

SET DEC ( ) 

7 

k 



1 

2 

- 

- 

5 

- 

STOP 

7 

Ikl 

STOP 


- 

- 

3 

- 

(5) 

- 

ENTER EXP 

1 

k 



1 

- 

3 

- 

5 


ARC 

9 

k 



— 

2 

3 

- 

5 

- 

RECALL ( ) ( ). 

h 

k 



1 

2 

3 

- 

5 

- 

STORE ( ) ( ). 

a 

I 



- 

- 

- 

4 

5 

- 

ACCUM STORE ( ) ( ) 

b 

I 



1 

- 

- 

4 

5 

- 

ENTER 

c 

I 



— 

2 

- 

4 

5 

- 

X 2 

7 

I 



1 

2 

— 

4 

5 

- 

IT 

e 

I 



- 

- 

3 

4 

5 

- 

CHANGE SIGN 

7 

I 



1 

- 

3 

4 

5 

- 
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LOGIC DESCRIPTION 


2-13.0 MAGNETIC CARD READER (Cont.) 

2-13.3 OPERATION (Cont.) 

KEYTOP KEYBOARD CODE 


INTGR 
TO POLAR 

"W 

1/x 

I a i x 

SIN 

COS 

TAN 

loglx.1 

fxfl 

+ 

Inf xf 

t» 

X 

e x 

TO RECT 

DEG 

RAD 

CLEAR ENTRY (PLOT) 

PRINT 

PRINT SCI 

LINE SPACE 

GO TO ( ) ( ) 

IP NEG ( ) ( ) 
CLEAR ALL REGS 
START 
ONE STEP 
IND ( ) ( ) 

RESET 

PROG CODE ( ) ( ) 


9 £ 

h l 

¥ m 
b m 
c m 
¥ m 
e m 

1 m 

9 m 
7t m 
¥ n 
F n 
c n 
d n 
e n 

I n 

Q n 
k n 
a. o 

F ¥ 

c o’ 
I ¥ 
¥ ¥ 
7 £ 

9 ° 

H ¥ 

¥ p 

l P 
c p 

IJl Ip) 

9 P 


Z CODE 

- 2 3 4 5 - 

1 2 3 4 5 - 

-6 

1 - - - - 6 

- 2-6 

12-6 

- - 3 - - 6 

1-3-6 

- 2 3 - - 6 

1 2 3 - - 6 

-4 _ 6 

1 - - 4 - 6 

-2-4-6 
12-4-6 

- - 3 4 - 6 
1-34-6 

- 2 3 4 -6 

1 2 3 4 -6 

- - - - 5 6' 

1-5 6 

- 2 - - 5 6 

12-5 6 

- - 3 - 5 6 

1-3-56 

- 2 3 - 5 6 
12 3-56 

-4 5 6 

1-4 5 6 

- 2 - 4 5 6 

(1-3456) 

- 2 3 4 5 6 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-1.0 GENERAL 

This section contains information concerning: Lubrication, adjustments, safety 
precautions, and other pertinent information on proper maintenance of the 1155 Elec¬ 
tronic Calculator. A chart showing various Troubleshooting procedures is also included. 

3-1.1 SAFETY PRECAUTIONS 

When servicing the 1155 Electronic Calculator, observe the standard safety pre¬ 
cautions as follows: 

(1) Turn off the power when removing or installing PC boards. 

(2) When using test probes or other test equipment use care to prevent accidental 
short circuiting of adjacent circuit traces or components. 

(3) Use the proper tool(s) for installing and extracting IC chips. (See Tool List.) 
3-1.2 LUBRICATION 

Shown in the Chart below are the types of lubricants and points that require lub¬ 
rication. Preventive maintenance for general cleaning and lubrication of the printer 
must be performed at least once per year. More frequently for machines subject to 
heavy usage. 

WHERE USED 

1. All bearing (except ball bearings) 

2. Levers and links 

3. Rotating shafts 

4. Carriage Guide Shafts 

5. Eccentric Cam 

6. Drive pin (two drops) 

*7. Dashpot Felt Washer 
*8. Print Shaft Felt Washer 

* CAUTION: Saturate and squeeze to elim¬ 
inate excessive oil so that oil doesn't 
splash off due to rotation of the Print 
Wheel. 

1. Screw shaft threads 

2. Print wheel yoke groove 

3. Gear train for paper feed roll 

4. Clutch spring 


LUBRICANT 

SAE 40 Motor Oil 

(Shell X-100 or equivalent) 

(Purchase Locally) 


Shell non-stain Grease 
(T-18407) 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-1-2 LUBRICATION (Cont.) 


LUBRICANT 

Poly Oil (Type 3030-280) 
(T-18587) 


3-1.3 INSPECTION PROCEDURE 


WHERE USED 


1. Lubrication cups at each end of the coil 
armature pivots (six places) 

2. The right end of the screw shaft. 

3. The clutch bearing hub. 


The following is a list of essential actions for assurance of optimum printer 
performance. 


CHECK: 

1. All printer adjustments as listed. 

2. Drive pin for wear and smooth action. 

3. Eccentric action: Clutch, Line Feed, Inking, Pin disengage. 

4. Character print, clear impression, even printing, ink transfer. 

5. Ink cartridge for possible replacement. 

6. Belt tension, wear. 

3-2.0 PRINTER ADJUSTMENTS 


Adjustments for best printer operation are as follows. Also, a list of necessary 
tools and their tool numbers is included for reference. 


TOOL LIST: 

1/16 and #050 Allen Wrenches (T-18430 and 18339) 
6" Screwdrivers, Common and Narrow Blade 
Long Nose, or Needle Nose Pliers 
3/8 x 1/2 Open End Wrench (T-18115) 

1/4" Open End Wrench 
5/16 Open End Wrench 
Tru-Arc Pliers (T-18623) 


3-2.1 DRIVE BELT 

Adjust the motor position for approximately 1/8" deflection of the drive belt as 
measured at a point midway between the motor pulley and the print shaft pulley. 


6-15-73 


3-4 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-2.0 PRINTER ADJUSTMENTS (Cont.) 

3-2.2 PRINT WHEEL TO TIMING WHEEL RELATIONSHIP 

Make character "R" and 



FIGURE 3-1 

Install the print wheel so that the character "R" of the print wheel is in line 
with the home tab on the timing wheel. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-2.0 PRINTER ADJUSTMENTS (Cont.) 
3-2.3 CARRIAGE TIE BAIL 



V C OUP LING ADJUST 


FIGURE 3-2 


The print hammer carriage and the print wheel carriage are coupled together by a 
U-shaped tie-rod or coupling bail. For best hammer to print wheel action, the hammer 
must strike the print wheel directly on the character to be printed. Centering is 
adjusted by use of the coupling nuts on the print wheel carriage. 

NOTE: For best centering of hammer to character, use the characters: 0, 9, E, or -. 

To assure a free, smooth running carriage, the coupling bail shaft should be aligned 
so that its threaded end is centered in the hole where it is attached to the coupling 
yoke. Failure to align the bail will cause a bind in the carriage due to the twist 
applied to the coupling yoke when the hexagon adjusting nut is turned at time of adj¬ 
usting the centering of the hammer. 

After alignment of the coupling bail shaft, proceed to adjust the centering of the 
hammer as follows: 

1. Remove the printer front plate. 

2. Loosen the coupling nuts at the print carriage. 

3. Manually push the hammer against the character on the print wheel and align 
them squarely. 

4. Adjust the coupling nuts until the print wheel is centered on hammer. 

5. Tighten the locknuts. 

6. Check to see that the paper deflector holds the paper inward so that it does 
not touch the print wheel. Adjust, and tighten nut. 

7. Replace the print front plate. 

8. Check to see that the hammer face is parallel with the character face. Slight 
twisting of the hammer is permissible. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-2.0 PRINTER ADJUSTMENTS (Cont.) 
'3-2.4 CARRIAGE HOME 


LOCK NUT. 


1 


CARRIAGE STOP 





— HAMMER CARRIAGE 


* 3 , 


-CLUTCH 


DASH POT 


FIGURE 3-3 


When the Pin is "fired" to engage the Lead Screw, it is very important that the 
carriage be at its precise "home" position, and that the thread be properly aligned 
in its lateral direction; otherwise, rapid wear of the Pin will result. Adjust as 
follows: 

1. Carriage End Stop 

a. Check end play in screw shaft to see that it is correct (.005"). 

b. Engage the pin into the screw shaft and gently rotate the screw shaft backwards 
until the pin stops against the end of the helix thread. 

c. Turn the carriage stop screw inward until it just touches the carriage bracket. 

d. Now back off the stop screw 1/8 to 1/4 turn and tighten the lock nut. 

2. Carriage Home Reed Switch 

a. Connect an Ohmmeter to the carriage reed switch. 

b. Disengage the pin from the lead screw. 

c. Adjust the magnet on the bottom of the carriage assembly (through the access 
hole in the base) until the reed switch closes within the last .029" of carriage 
travel. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-2.0 PRINTER ADJUSTMENTS (Cont.) 


3-2.5 DRIVE PIN 


. PIN ENGAGED 


MOUNTING SCREW- 


NO INTERFERENCE 
IN HOME POSITION 

(--CLEARANCE 



-LEFT FRAME 


-Hh—.002 GAP (USE FEELER GAUGE) 

FIGURE 3-4 


The drive pin armature must move forward enough to fully engage the pin into the 
screw shaft thread, and be fully clear of the drive pin when it is disengaged. 

NOTE: A drive pin not being fully engaged will cause accelerated wear on the pin and 
also the helix shaft, as well as early disengagement (pop-out) of the drive pin. 

The adjustment is as follows: 


1. Engage the drive pin into the screw thread. 

2. Loosen the bracket mounting screws. 

3. With a .002" feeler gauge between the coil and the hammer, depress the hammer 
against the pin until the pin is fully engaged into the screw thread. 

4. Holding the hammer depressed against the pin, move the bracket assembly to obtain 
the .002" clearance between the coil and the hammer. (Full accessability of the 
drive pin and armature can be achieved by removing the paper cradle.) 

5. Tighten the bracket mounting screws. 

6. With the pin and hammer fully restored to home position, check for minimum clearance 
between the disengaged drive pin and pin hammer on armature. NOTE: Interference 
between pin hammer and drive pin could prevent full pin disengagement which would 
result in unwanted carriage travel after a line feed operation. 

7. With the armature fully restored, check to see that the back of the pin hammer and 
hammer stop are parallel. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

MAINTENANCE 


3-2.0 PRINTER ADJUSTMENTS (Cont.) 

3-2.6 MAGNETIC PICKUP GAP (Output Voltage) 



(1) Initially the gap between the magnet poles and the timing wheel teeth and home 
tab should be set for .001" minimum and .012 ,f maximum, by positioning the magnet 
brackets and/or slight forming of the coil bracket as required. The actual clear¬ 
ance will be determined by setting the gap for the specified output voltage spec¬ 
ified in Step 2 (below). 

(2) The output voltage of the home and character pickup coils should be adjusted to 
meet the following specifications: 

Home Pickup Coil: 2 to 10 volts. 

Character Pickup: 2 to 10 volts. 

(3) To check, connect a scope to the coil output terminal under test (DC card term¬ 
inals 1 and 3). With the printer running, observe the output voltage waveform. 
The output waveform should appear as shown in Figure 3-6 . 

(4) Stop the printer and readjust the gaps as required to achieve the proper output. 
Before starting the printer, manually check for safe clearance between the teeth 
and the magnet poles. 

NOTE: Make sure that the voltage output of the home pickup coil is less than or 
equal to the outputs of the character pickup coil. 

The following signal shapes should be observed on the oscilloscope for the pickup 

outputs. 
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3-2.0 PRINTER ADJUSTMENTS (Cont.) 
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3-2.0 PRINTER ADJUSTMENTS (Cont.) 

3-2.7 SCREW SHAFT TO PRINT SHAFT TIMING 


(1) Loosen the two setscrews securing the screw shaft pulley. Then, with the alien 
wrench in screw A, hold the alien wrench against the U-shaped stud as shown in 
Figure 3-7. 

(2) Disengage the timing belt. 

(3) Depress the pin hammer and rotate the screw shaft by means of the slot in its 
left end until the pin engages the screw shaft thread. Then, gently rotate the 
screw shaft in the reverse direction until the pin stops against the end of the 
thread. 

(4) Mark the position of the screw shaft by means of a pencil mark adjacent to the 
slot in the screw shaft. 

(5) Rotate the screw shaft 180° 1^8° i ts normal direction. 

(6) With the screw shaft pulley still positioned as shown in Figure 3-7, insert a 
.005 11 feeler gauge between the pulley and the flange bearing, then tighten the 
two setscrews. 

(7) Rotate the screw shaft until the center of the magnet on the pulley is in line 
with the center of the reed switch when viewed through the opening in the right 
side frame. (See Figure 3-8.) 

(8) Disengage the timing belt and without changing the position of the screw shaft 
pulley, rotate the print wheel shaft until the home tab on the timing wheel is 
in line with its pickup coil as shown in Figure 3-8. 

(9) Re-engage the timing belt making sure that the relationship of the screw shaft 
and print wheel shaft changes as little as possible. 


3-2.8 PAPER ADVANCE SWITCH 

The micro switch which is depressed by the Paper Advance button on the top cover 
should be adjusted by loosening the screw on the front plate of the printer and 
sliding the switch bracket up or down as required. DO NOT BEND the micro switch to 
adjust. 


3-2.9 CLUTCH PAWL 

Check to see that the clutch pawl has clearance from the clutch sleeve when the 
line feed coil is energized. When the coil is deenergized, the pawl rides the sleeve 
until it falls into the pawl slot, causing the clutch to disengage. 
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3-2.7 SCREW SHAFT TO PRINT SHAFT TIMING (Cont.) 
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3-2.0 PRINTER ADJUSTMENTS (Cont.) 

3-2.10 PRINT QUALITY 

The adjustments affecting print quality are: Transfer Roller, Hammer Drive, 
Timing Eccentric, and Eccentric Guide Shaft. These four adjustments interact some¬ 
what with each other and it is necessary, therefore, to alternate back and forth 
among the four adjustments to achieve best print quality. A description of each of 
the four adjustments is as follows: 

1. TRANSFER ROLLER (Inking) 

ALLEN SCREWS PRINT WHEEL 



FIGURE 3-9 


(1) Loosen the lock nuts and back off the setscrews so that the transfer roller doesn’t 
touch the print wheel or print wheel pulley. 

(2) With the print wheel shaft rotating under power, turn the right hand setscrew 
inward until the transfer roller begins to rotate. Continue turning the screw 
slowly until no clearance is observed between the transfer roller and drive pulley. 
Then tighten the lock nut. 

(3) Next, turn the left hand setscrew inward while printing a full line of characters 
(series of 8 T s) until the darkness of the line is uniform across the paper. 

Tighten the lock nut. The rough adjustment is now complete. 

(4) For fine adjustment, turn the printer off and manually move the print hammer car¬ 
riage to the left across the full length of the transfer roller to make certain 
that the print wheel touches the roller at all points. 

(5) Make minor adjustments of first one setscrew and then the other until satisfied 
that the print wheel characters touch lightly and evenly across the full length 
of the transfer roller surface. 

(6) Manually pull the print carriage over both the full and short range and allow to 
return under carriage return spring tension. Note that no drag of the print wheel 
on the transfer roller occurs and that the carriage returns to home position. 
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3-2.10 PRINT QUALITY (Cont.) 


(7) Check to see that the locknuts are tight on the Allen screws after adjustment. 

NOTE: Machine speed will be affected if the carriage is dragging as a result of the 
alien screws being in too far. This can be checked by printing a full line of 
characters for exactly one minute, before and after adjustment. Then compare 
the number of lines printed before the adjustment and after the adjustment. If 
fewer lines are printed after adjustment, the carriage is dragging. 

2. HAMMER DRIVE (Print Pulse Width) 

Attach scope probe to the rear power transistor on the printer driver card. The 

pulse width must be: 750 i^Bo m ^- cro seconds. Adjust by turning pot on driver card. 

NOTE: Ideally, this control is adjusted by use of an oscilloscope, in the field how¬ 
ever, a practical and quick method of adjusting this control is accomplished 
by turning the control while observing repeated digit 8 printing until best 
print quality has been obtained without embossing the paper. The adjustment 
may effect the top or bottom of the character being printed, therefore, the 
adjustment should be accompanied by adjusting the Timing Eccentric. 


3. TIMING ECCENTRIC (Magnetic Pickup Gap) 




TIMING ECCENTRIC 


SCOPE PROBE 


POTENTIOMETER 


FIGURE 3-10 

The magnetic pickup gap adjustment (Adj. 3-2.6) can be varied by the eccentric 
nut (Figure 3-10) which moves the pickup coil mounting plate. Loosen lock nuts and 
rotate the eccentric nut to obtain full print with uniform impact. NOTE: Avoid pro¬ 
longed printing at out-of-time state, or it could cause physical damage to the hammer 
and print wheel. 
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3-2.10 PRINT QUALITY (Cont.) 

4. ECCENTRIC GUIDE SHAFT (Hammer-Print Wheel Distance) 



FIGURE 3-11 

The Hammer Print Wheel distance can be varied to obtain best print quality by the 
use of the Eccentric Guide Shaft (Figure 3-11). While observing the printout 
(series of 8’s) and with the eccentric lock nut loose, slowly turn the eccentric guide 
shaft once around 360 degrees (clockwise); then continue back to the position that 
gives the best print quality. Secure the lock nut. 

The printed characters must appear dark and free of obvious ink starvation and 
must be distinct and uniformly detailed without flat or missing tops or bottom of 
characters. Also, the characters must not vary in intensity from one end of the 
line of print to the other. 

If all characters do not print with close to the same degree of quality, it is 
most likely due to run-out caused by bad print wheel or print shaft, or improperly 
adjusted hammer assembly and these parts should therefore be replaced. 


3-2.11 PAPER DEFLECTOR 

If smearing print is observed during the print quality adjustments, it may be 
necessary to adjust the paper deflector. This is accomplished by gently tapping the 
paper deflector toward the paper until smearing stops. After adjusting, check to' see 
that the locking screw is tight. 
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3-3.0 POWER SUPPLY ADJUSTMENT 



FIGURE 3-12 


Adjust potentiometer R17 on the power supply card for an output of +5 volts +5%. 
Connet VOM on pin 3. 


Check each of the following outputs: 


PIN 

i- 

-► -5 volts 

PIN 

2 - 

-^ -9 volts 

PIN 

3 - 

-► 4*5 volts 

PIN 

7 

-► -12 volts 

PIN 

15 - 

-► Ground 
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3-4.0 MAGNETIC CARD READER 

The Model 511 Magnetic Card Reader is factory adjusted using various gages to set 
the Head position, the card drive shaft angle, etc., therefore, it is not intended 
that these critical adjustments be made in the field. Other adjustments and checks 
are as follows: 

3-4.1 SWITCH ADJUSTMENTS 

The two microswitches must be adjusted so that a magnetic card will operate them 
reliably. If adjustment is indicated, proceed as follows: 



(1) As shown in Figure 3-13, the screws designated "1" are to be tight, and the two 
adjustment screws are to be loose. 

(2) Attach an ohmmeter to the "C" and "NC" pins of Switch #1. 

(3) Set Switch #1 so it will be actuated by an 0.003" thick by 1.5" wide shim stock 
inserted in the card chute from the FRONT of the card reader. Tighten the adj- 
ment screw. 

(4) Attach an ohmmeter to the "C" and "NC" pins of Switch #2. 

(5) Set Switch #2 so it will be actuated by the same shim stock inserted in the card 
chute from the REAR of the card reader. Tighten the adjustment screw. 

(6) Recheck the operation of both switches by the shim stock and by a magnetic card. 
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3-4.0 MAGNETIC CARD READER ADJUSTMENTS (Cont.) 

3-4.2 +5 VOLT SUPPLY 

The 2K ohm potentiometer on the printed circuit board is used to set the +5 volt 
output. Use a voltmeter connected to the +5 volt output and adjust the potentiometer 
for an output of +5 volts, i 0.1 volt. 

3-4.3 MAGNETIC CARDS 

Care must be taken to insure that magnetic cards are kept clean. Cards must be 
stored in their envelopes at all times when not in use. Cards may be cleaned with 
isopropyl alcohol, and wiped dry with a lint-free cloth or paper, or blown dry with 
dry, oil-free air. 

Maximum life of a magnetic card is 100 passes. 

3-4.4 TEST PROGRAM 

A recommended test program for the card reader is: 511 program steps of ,f Enter 
Exponent". This program has a check sum of: ++732 on the Model 1155 Calculator. 

3-4.5 SIGNAL LEVEL CHECK 

DC Offset level, Crosstalk voltage, and Play Output Signal voltage should be mon- 
itered on each track of the magnetic head as follows: 

(1) Equipment required 

1. 1155 Programmable Calculator 

2. 511 Magnetic Card Reader 

3. Pre-programmed card #3. 

4. Pre-programmed card #4. 

5. Tektronix Model 547 Oscilloscope with 1A1 Plug-in and XI probe (or equivalent). 


(2) Tests 

1. Set oscilloscope to lV/cm, 0.5 msec/cm. Set INPUT SELECTOR to GROUND, and 
center track on the center line. 

2. Attach oscilloscope to U12, pin 7 with ground on card reader chassis. 

3. Set Input Selector to DC. 

4. Turn on power to calculator and card reader. 

5. Read DC offset level = 0V * 0.15V maximum as shown in Figure 3-14. 

6. Load from Card pre-programmed Card #4 and observe sum of DC offset level and 
crosstalk voltage = 0V ^ 0.3V maximum as shown in Figure 3-14. 

7. Load from Card pre-programmed Card #3 and observe output signal voltage « +0.7V 
minimum and -0.7V minimum as shown in Figure 3-14. 

8. Repeat steps 4 through 7 with the scope attached to U12, pin 1. 

9. Repeat steps 4 through 7 with the scope attached to U25, pin 1. 

10. Repeat steps 4, 5, and 7 with the scope attached to U25, pin 7. 

(3) Oscillator Frequency: The frequency of the oscillator is measured at U5, pin 9. 

The measured frequency must be: 40kHz t. 7% (37.2kHz to 42.8kHz). 
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3-4.5 SIGNAL LEVEL CHECK (Cont.) 



3-4.6 CARD READER CLEANING 


The card chute should be cleaned periodically, using air pressure at approximately 
15 psi. 
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3-5.0 pc CARD COMPONENT LAYOUT & SCHEMATICS (Cont.) 



FIGURE 3-19 
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3-5.0 PC CARD COMPONENT LAYOUT & SCHEMATICS (Cont.) 



FIGURE 3-23 
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3-6.0 MOTHER BOARD WIRING LIST 


SIGNAL NAME 

CARD 1 





CARD 6 

a (P13-8) 

XP1-1 






b (P13-5) 

XP1-B 






c (P13-11) 

XP1-2 






d (P13-12) 

XP1-10 




XP9-10 


e (P13-K) 

XP1-22 



XP7-22 



? (P13-M) 

XP1-11 




XP9-M 


I (P13-7) 

XP2-5 






h (P13-13) 

XP2-M 






i 

XP2-12 



XP8-11 



T (P13-4) 

XP1-3 






k (P13-6) 

XP1-4 






I (P13-14) 

XP1-8 






m (P13-L) 

XP1-12 






n (P13-J) 

XP1-15 






o (P13-9) 

XP1-21 






P (P13-2) 

XP1-X 

XP3-20 



XP9-X 


pO 




XP8-H 

XP10-7 


Pi 




XP7-Y 

XP9-21 


P2 




XP8-8 

XP10-J 


A0 




XP8-4 


XP12-D 

A1 




XP8-E 


XP12-E 

A2 




XP8-F 


XP12-F 

ADV H200 

XP1-C 

XP3-3 





ADV MARKER CTR 

XP1-D 

XP3-4 





c 





XP9-E 

XP11-5 

CARR HOME IN (P14-1) 







CARR START (P14-C) 






XP11-P 

CHAR COIL (P14-5) 






P12-R 

CLR LINE 

XP1-J 

XP3-8 





D 


XP4-13 


XP8-P 



D 


XP4-10 


XP8-L 

XP10-10 


DEGREES LED (P13-R) 




XP8-X 



DELETE LED (P13-A) 







DIGIT COIL (P14-B) 


i 




P12-X 

EN L18 




XP8-21 

XP10-21 
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3-6,0 MOTHER BOARD WIRING LIST (Cont.) 


CARD 1 | CARD 2 | CARD 3 I CARD 4 | CARD 5 CARD 6 
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3-6.0 MOTHER BOARD WIRING LIST (Cont.) 



SIGNAL NAME 


H215 


H216 


H250 

1300 

H301 

H306 

illegal 


L8 


L16 * 


L24 


L26 _ 

L29 


L31 


! L32 


j L33 


, L50 


| L70 _ 

| LINE FEED (P14-F) 


CARD 1 CARD 2 CARD 3 


CARD 6 


XP2-B 


XP4-2 


XP4-A 


H217 

XP1-F 

H218 

XP2-D 

H224 





XP2-R 

XP4-14 





XP2-Y 


XP2-U 


XP4-21 

XP4-T 

XP3-S 

XP4-17 

XP4-15 


INSERTED (P13-B) 


XP3-K 



K 

XP2-4 



XP8-D 



K1000 

XP2-14 



K3004 

• 




L4 


L5 



XP2-N 


XP4-12 



XP8-N 




XP7-W 





XP10-N 


XP10-P 


XP10-R 


XP10-12 


XP9-K 


XP9-19 


XP9-11 


XP9-9 


XP9-20 


XP10-S 


XP10-T 


XP12-11 


XP12-12 


XP12-13 


XP12-14 
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3-6.0 MOTHER BOARD WIRING LIST (Cont.) 


I SIGNAL N 


LIST LED (P13-E). 


LOAD FROM CARD LED(P13-P) 


LS HOME IN (P14-M) 


MO 


Ml 


M2 


M3 


M4 


M5 


CARD 2 CARD 3 




mm 


mmmmm 



M8 


M9 


M10 


Mil 


MOTOR START (MS-2) 


NEW POINT (PM-6) 


OUT 1 (P17-1) 


OUT 2 (PI7-2) 


OUT 4 (P17-3) 


OUT 8 (P17-4) 


P0 


PI 


P2 


P2 


P3 


P4 


P5 


P6 


P7 


P3.P4.P5.P6.P7 


PAPER FEED IN (P14-L) 


PLAY (P15-13) 




XP5-8 

XP7-J 

XP5-L 

XP7-10 

XP5-J 

XP7-8 

XP5-7 

XP7-H 



XP5-3 

XP7-C 

E3S3HE39I 


XP5-u 

XP7-U 

XP5-S 

XP7-15 

XP5-17 

XP7-17 

XP5-T 

XP7-16 

XP5-W 

XP7-19 




XP6-9 


XP6-10 


XP6-12 


XP6-13 


XP6-B 


XP6-2 


XP5-X 


XP6-A 


XP5-V 


XP5-A 


XP5-2 


XP5-4 


XP5-D 


XP6-L 


XP8-2 


XP8-B 


XP7-20 


XP8-A 


XP7-18 


XP7-1 


XP7-B 


XP7-0 


-4 


XP8-10 


XP9-V 


XP11-X 


XP11-18 


XP9-2 


XP9-4 


XP9-D 


XP11-B 


XP11-D 


XP11-4 
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3-6.0 MOTHER BOARD WIRING LIST (Cont.) 


SIGNAL NAME 

CARD 1 



CARD 4 

CARD 5 

CARD 6 

PLAY RECORD CLOCK (P15-21) 


XP4-F 

. 




PLAY DATA 1 (P15-23) 

XP1-16 




.11 .11... 1,.., ....MM . „ U 


PLAY DATA 2 (P15-25) 

XP1-17 






PLAY DATA 3 (P15-22) 

XP1-18 






PLAY DATA 4 (P15-9) 

XP1-19 






PLAY DATA 5 (P15-8) 

XP1-20 






PLAY DATA 6 (P15-24) 

XP2-2 






POWER UP 

XP2-V 

XP4-18 



XP10-18 


PROG BUSS (P13-3) 







Q0 





XP9-17 

XPll-u 

Q1 





XP10-V 

XP12-18 

Q2 





XPlO-u 

XP12-17 

Q3 





XP10-W 

XP12-W 

07 





XP10-X 

XP12-20 

RADIANS LED (P13-H) 




XP8-16 



READER BUSY (P16-7) 


XP4-D 





RECORD (P16-11) 


XP4-E 





RECORD DATA 1 (P16-12) 

XP2-6 






RECORD DATA 2 (P16-10) 

XP2-7 






RECORD DATA 3 (P16-20) 

XP2-10 






RECORD DATA 4 (P16-6) 

XP2-13 



. 



RECORD DATA 5 (PI6-5) 

XP2-15 






REOCRD DATA 6 (P16-19) 

XP2-16 






RESET 


XP4-H 



XP10-H 


■ 

RST 227 


XP3-W 



XP9-18 


RESET MARKER CTR 

XP2-W 






SAMPLE 



XP6-K 


XP10-9 


SEND (P17-5) 







RESET KEY IN (P13-10) 



|| 


XP10-1 


SET Y5 


XP4-N 


XP8-12 



START LED (P13-N) 




XP8-9 



STOP (PI3-15) 




XP7-V 



STORE IN CARD LED (P13-C) 


XP4-11 





RESET KEY (P13-S) 





XP10-15 
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3-6.0 MOTHER BOARD WIRING LIST (Cont.) 


STROBE 


S12 


T0 + T4 

XP2-X 




T1 


T2 + T7 


T2 _ 

T3 


T6 


T8 


T100 


T400 


T400 


T1600 


WRITE LED (P13-D) 


Y5 


Y7 


Z1 


Z2 


Z3 


Z4 


Z5 


Z6 


+5V (P13-F) 


-5V 


-9V 


-12V 


GND 


GND 


PU GND (P14-3) 



XP1-Y 


XP1-L 


XP1-M 


XP1-5 


XP1-E 


XP1-7 


XP1-A 


XP2-3 


XP3-A 


XP5-A1 


XP8-7 


XP8-C 


XP7-21 


XP7-L 


XB7-11 


XP7-E 


XP7-5 


XP7-7 


XP7-A 


XP9-A XP11-A 



XP2-A 


XP2-Z XP4-Z XP6-Z XP8-Z 


XP2-22 XP4-22 XP6-22 XP8-22 


XP12-1 


XP10-A 


XP10-Z XP12-Z 


XP10-22 XP12-22 


XP12-Y 
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3-7.0 1155 ONE STEP SERVICE TOOL 

The 1155 One Step Service Tool provides a means for manually stepping the machine 
through several modes of clock steps (One T time, 9 T times, or One Macro Instruction) 
depending on the position of the selector switches on the One Step Control Box. 


The tool consists of a One Step Control Box connected to an extender card (Tool 
Number T19153) for the #5 Board, and an extender card containing LED’s (Tool Number 
T-19154) for the #3 Board. In operation, the One Step Control Box extender card is 
installed in the #5 position and the #5 Board installed in the extender card. The 
LED extender board is installed in the #3 position so the LED’s are on the right hand 
side. The #3 Board is then installed in the extender with its component side facing 
forward (normal orientation). 

CAUTION 

When this tool is in use and the One Step Box is in the Manual Mode, the power 
supplies are heavily loaded due to the +5V current used for the LED’s, and also due 
to the fact that the ROM’s are not being strobed, thereby increasing the -12V current. 
Discretion should be used for the amount of time spent in this mode of operation. 


3-7.1 OPERATING INSTRUCTIONS 

Manual/Auto switch right, machine runs normally. 

Manual/Auto switch left, machine runs in one of the following modes: 

1. Cycle/Pulse switch right, clock advances one ”T !f time with each step switch 
depression. 

2. Cycle/Pulse switch left, clock advances 9 ”T” times with each step switch de¬ 
pression. (From T6 to T6.) 

NOTE: Cycle/Pulse switch has to be left if Micro/Macro, or Subroutine Bypass 

switches are left. 

3. Micro/Macro switch left, clock advances one macro instruction with each step 
switch depression. 

4. Subroutine Bypass switch right and Micro/Macro switch left, clock advances one 
Macro instruction with each step switch depression as above, and will advance 
through the next macro instruction if the instruction is a subroutine. (It will 
bypass the subroutine.) 


6/15/73 


3-43 


TP-285 




6-15-73 3-45 


MALFUNCTION _ DETECTION _ CAUSE _ 

Motor will not Mag. Card will 1) No power, 

start in RECORD. not travel. 

2) No signal. 

3) No power. 

4) No signal 


5) Drive 
systems. 

6) Motor 

7) Calculator 

Motor will not Mag. Card will 1) No power, 

start in PLAY. not travel. 

2) No signal . 


REMEDY 


1) Plug in calculator to 120 VAC. 

2) Turn calculator "ON". 

3) Plug Card Reader into calculator. 


1) Redepress and release RESET and 
STORE ON CARD keys on calculator. 

2) Reinsert Mag. Card far enough to 
operate SWITCH 1. 


1) Replace fuse FI in -12V supply. 

2) Repair -12V supply. 

3) Repair +5V supply. 


1) Adjust or replace SWITCH 1. 

2) Repa'ir. motor driver circuit. 

3) Replace gates 50, 51, 63, 66 as 
required. 

4) Replace gates 27, 38, 64 as req'd. 


1) Replace drive belt. 

2) Tighten drive wheel set screws. 


1) Replace motor. 


1) Repair calculator. 


1) Plug in calculator to 120 VAC. 

2) Turn calculator "ON". 

3) Plug Card Reader into calculator. 


LO 

I 

00 

o 


H 

§ 

w 

\r* 

w 

§ 

o 

H 

H 

Q 

§ 

M 

U 

M 




n 


1) Redepress and release RESET and 
LOAD FROM CARD keys on calculator. 
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Will not RECORD 


DETECTION 



CAUSE 



REMEDY 


2) Reinsert Mag. Card far enough to 
operate SWITCH 1. 


3) No power. 1) Replace fuse FI in -12V supply, 

2) Repair -12V supply. 

3) Repair +5V supply. 


4) No signal. 


5) Drive 
systems. 


6) Motor 


1) Adjust or replace SWITCH 1. 

2) Repair motor driver circuit. 

3) Replace gates 50, 51, 64, 66 
as required. 

4) Replace gates 28, 63 as req'd 


1) Replace drive belt. 

2) Tighten drive wheel set screws, 


1) Replace motor. 


7) Calculator 1) Repair calculator. 


II 


Mag. Card will 1) Drive Systenj 1) Readjust SWITCH 2. 

travel, but nothing 
recorded. 


Will not PLAY 


Mag. Card will 1) Drive Systen 1) Readjust SWITCH 2. 

travel, but nothing 
piayed. 


CARD RE, 














RECORD improperly 


Mag. Card travels 
jerkily. 



PLAY improperly 


Mag. Card travels 
jerkily. 


1) 

Dri ve 

Sys tem 

1) 

Check for dirty card. 




2) 

Check for loose belt. 




3) 

Tighten driver roller spring. 




4) 

Tighten lower drive spring. 




5) 

Check edges and width of Mag. Card. 

1) 

Dri ve 

Sys tern 

1) 

Check for dirty card. 




2) 

Check for loose belt. 




3) 

Tighten drive roller spring. 





Tighten lower drive spring. 




5) 

Check edges and width of Mag. Card. 


§ 

H 


a 

w 

t H 
C 


73 

2 


IC CARD READER TRO 
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REFERENCE 


4-1.0 MICRO PROGRAMS 


1. Alt numbers are in octal. 

2. The first column is a 3-digit octal number corresponding 
to N8, N7, N6/N5, N4, N3/N2, N1 , NO, the location 000 

to 777in the two micro-roms. 

3. The second column corresponds to Q7, Q6/Q5, Q4.-Q3/Q2, 

Q1, Q0, the micro-rom output code 000 to 377. 

4. The third column is the name of the micro instruction 
corresponding to the micro rom output code. 

5. For some micro instructions, two quantities appear in 
parenthesis (e.g. (Y)(17)). The first parenthesis refers 
to the RAM register being addressed. The second paren¬ 
thesis refers to the digit within the register. 


HALT 

oo'o J 


0 

» 

56 

GO TO 270 

270 

202 

SKIP ON D=1 

271 

056 

GO TO 270 .■ 

272 

223 

GATE 3 

273 

224 

GATE 4 

274 

225 

GATE 5 

275 

222 

GATE 2 

276 

203 

DECODE 

RETURN 

001 j 


■040 : 

224 

GATE 4 

041 

225 

GATE 5 

042 

222 

GATE 2 

043 

044 

GO TO 220 

220 

204 

DELTA PGM CTR 

. 221 

203 

DECODE 

NO-OP 

1 

002 j 


TOO 

044 

GO TO 220 

220 

204 

DELTA PGM CTR 

221 

203 

DECODE 


OUTPUT 003 


140 
• 141 

142 

143 

144 

145 
220 
221 


220 SKIP ON F=1 
030 GO TO 140 
260 .LOAD B FM C0)C0) 

300 LOAD A FM (3)(0) 

210 OUTPUT ONE BYTE 

044 GO TO 220 

204 DELTA PGM CTR 

203 DECODE 
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4-1.0 MICRO PROGRAMS (Cont.) 

SKIP 004-007 

. , • 


SKIP tests the state of Y4, Y5, Y6 or Y7. If the Y being 
tested is true then a Really Skip is done starting at 300. 
Otherwise a NO-OP is done starting at 100. 

REALLY SKIP 


300 

204 

DELTA PGM 

CTR 

301 

204 

DELTA PGM 

CTR 

302 

044 

GO TO 220 


220 

204 

DELTA PGM 

CTR 

221 

203 

DECODE 



NO 

-OP 


100 

044 

60 TO 220 


220 

204 

DELTA PGM 

CTR 

221 j 

203 

DECODE 



GO SUB 010-017 


CLfL MACto fioM 


RT SH 020-027 


001 

130 

131 

132 

133 

134 


026 

221 

225 

222 

237 

203 


GO TO 130 

GATE 1 
GATE 5 
GATE 2 


DECODE 


002 045 

224 301 

225 320 

226 302 

227 303 


GO TO 224 
LOAD A FM (YHI) 
STORE SUM IN (Y) (.0) 
LOAD A FM (Y)(2) 
STORE SUM IN (Y)(l) 


261 336 

262 200 

263 337 

264 044 

220 204 

221 203 


STORE SUM IN (Y)(16) 

SET C=0, CLR A & B 
STORE SUM IN CY)Cl 7} 

GO TO 220 

DELTA PROG CTR. Poh a/>s> cr£ 

DECODE 
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4-1.0 MICRO PROGRAMS (Cont.) 


LF SH 

030- 

* 

037 



003 

114 

GO TO 460 



460 

316 

LOAD A FM 

(Yin 6i 

461 

337 

STORE SUM 

IN 

(Y) (17) 

462 

315 

LOAD A FM 

CY) (.15) 

' 463 

336 

STORE SUM 

IN 

CY 1 0 61 

515 

321 

STORE SUM 

IN 

(Y) (1 ) 

516 

200 

SET C=0, CLR 

A & B 

517 

320 

STORE SUM 

IN 

CYKO) 

520 

044 

GO TO 220 



220 

204 

DELTA PGM 

CTR _ , 

221. 

203 

DECODERS * " 

ri . 


+ A 

040-047 



004 

033 

GO TO 154 


154 

205 

SET C=1, 

CLR A & B 

155 

034 

GO TO 160 


160 

300 

LOAD A FM 

lY).(0). 

161 

320 

STORE SUM 

IN CYKO}. 


216 

317 

LOAD A 

FM 

CYK17) 

217 

337 

STORE 

SUM 

IN CY I Cl 71 

220 

204 

DELTA 

PGM 

CTR 

221 

203 

- DECODE 

■ 




- A 050-057 


005 

032 

GO TO 

150 



150 

206 

SET B 

COMP 

, CLR 

A & 

151 

034 

GO TO 

160 



160 

300 

LOAD A 

FM 

CY) CO) 


161 • 

. 320 

STORE 

SUM 

IN CY) 

CO} 


216 

317 

LOAD A FM 

(Y) Cl 7 ) . 

217 

337 

• STORE SUM 

IN (Y) Cl 7 ) 

220 

204 

DELTA PGM 

CTR 

221 

203 

DECODE 
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4-1.0 

MICRO PROGRAMS (Cont.) 


ADD 

060-067 



006 

126 

GO TO 530 


530 

260 

LOAD B FM 

(o)Co) 

531 

300 

LOAD A FM 

CY)(0) 

532 

320 

STORE SUM 

IN CY) CO) 


605 

277 

LOAD B 

FM 

(0) 

07) 

606 

317 

LOAD A 

FM 

CY) 

07) 

607 

337 

STORE 

SUM 

IN 

CYJC17) 

610 

044 

GO TO 

220 


220 

204 

DELTA 

PGM 

CTR 


221 

203 

DECODE 




SUB 

070-077 





007 

125 

GO TO 

524 



524 

205 

SET C= 

1, CLR 

A & B 

525 

206 

SE i B 

COMP 

, c 

L R A it 

526 

126 

GO TO 

530 



530 

260 

LOAD B 

FM 

CO) 

Co) 

531 

300 

LOAD A 

FM 

CY) 

Co) 

532 

320 

STORE 

SUM 

IN 

CY1C0) 


605 

277 

LOAD B FM 

Co) Cl 7) 

606 

'317 

LOAD A FM 

CY) 0 7 ) 

607 

337 

STORE SUM 

IN CY) 0 7 ) 

610 

044 

GO TO 220 


220 

204 

DELTA PGM 

CTR 

221 

203 

DECODE 



6/15/73 


4-6 


TP-285 





FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.0 MICRO PROGRAMS (Cont.) 


GO TO 614 
GO TO 614 
GO TO 614 
GO TO 614 

SET 5-BIT-ADDRESS FLAG e/X 
LOAD A FM (Y}(0} 

STORE SUM IN (.0)(0) 

LOAD A FM (YHU 
STORE SUM IN (. 010 ) 


653 

317 

LOAD A 

FM 

(Y)(17) 

654- 

257 

STORE 

SUM 

IN (0)07) 

655 

044 

GO TO 

220 


220 

204 

DELTA 

PGM 

CTR 

221 

203 

DECODE 



STORE 

* 

140- 

177 | 



014 

154 

GO TO 

660 


015 

154 

GO TO 

660 


016 

154 

GO TO 

660 


017 

154 

GO TO 

660 


660 

227 

SET 5- 

BIT- 

ADDRESS FLAG 

661 

260 

LOAD B 

FM 

Co) Co) 

662 

320 

STORE 

SUM 

IN C Y ) ( 0 ) 

663 

261 

LOAD B 

FM- 

(0)0) 

664 

321 

STORE 

SUM 

IN (Y)(l) 


717 

277 

LOAD B 

FM 

(0)(17) 

720 

337 

STORE 

SUM 

IN (Y) 07) 

721 

044 

GO TO 

220 

220 

204 

DELTA 

PGM 

CTR 

221 

203 

DECODE 




LOAD 

100-13 

i 

010 

143 

on 

143 

012 

143 

013 

143 

614 

227 

615 

300 

616 

240 

617 

301 

620 

241 
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REFERENCE 


4-1.0 MICRO PROGRAMS (Cont.) 


BRANCH 

'ALL 

f 0 200-217 

020 

072* 

GO TO 350 

021 

072 

GO TO 350 

350 

206 

SET B COMP, CLR A 

351 

300 

LOAD A FM (Y)(0) 

352 

207 - 

UPDATE CARRY 

353 

301 

LOAD A FM tY)0) 

354 

207 

UPDATE CARRY 


407 

317 

LOAD A FM (Y)(17) 

410 

207 

UPDATE CARRY 

411 

071 

GO TO 344 


BRANCH 

ALL 

=0 220-237 

022 

103 

GO TO 414 

023 

103 

GO TO 414 

414 

206 

SET B COMP, CLR A & B 

415 

300 

LOAD A FM (Y)CO) 

416 

207 

UPDATE CARRY 

417 

301 

LOAD A FM (Y)(V) 

420 

207 

UPDATE CARRY 


453 

317 

LOAD A 

FM (Y) (17) 

454 

207 

UPDATE 

CARRY 

455 

070 

GO TO 

340 


BRANCH MSD^O 240*257 


024 

on 

GO TO 

044 

025 

on 

GO TO 

044 

044 

206 

SET B 

COMP, CLR A & B 

045 

317 

LOAD A 

FM (Y) (1 7 ) 

046 

207 

UPDATE 

CARRY 

047 

071 

GO TO 

344 
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4-1.0 MICRO PROGRAMS (Cont.) 


BRANCH \MSD=0 260-277 


026 

063 

GO TO 314 

027 

063 

GO TO 314 

314 

206 

SET B COMP, CLR A 

315 

317 

LOAD A FM CY)(.17) 

316 

207* 

UPDATE CARRY 

317 

070 

GO TO 340 


BRANCH LSDfO 300-317 


030 

065 

GO TO 324 

031 

065 

GO TO 324 

324 

206 

SET B COMP, CLR A 

325 

300 

LOAD A FM (Y)CO) 

326 

207 

UPDATE CARRY 

327 

071 

GO TO 344 


BRANCH LSD=0 320-337 


032 

064 

GO TO 320 

033 

064 

GO TO 320 

320 

206 

SET B COMP, CLR A & B 

321 

300 

LOAD A FM (Y}(0) 

322 

207 

UPDATE CARRY 

323 

070 

GO TO 340 
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4-1.0 MICRO PROGRAMS (Cont.) 


BRANCH 

IF ALL 

, MSD, OR LSD = 0 

340 

201 

SKIP ON* C=1 . 

341 

066 

GO TO 330 (REALLY BRANCH) 

342 

067* 

GO TO 334 [CONTINUE) 

BRANCH 

IF ALL 

, MSD, OR LSD f 0 

344 

201 

SKIP ON C=1 

345 

067 

GO TO 334 (CONTINUE) 

346 

066 

GO TO 330 (REALLY BRANCH) 

REALLY 

BRANCH 


330 

226 

GATE 6 

OO l 

r\ r\ M 

£UH 

r> «— » t « r> nu ath 

LI L L i v< IT w S fL 

332 

225 

GATE 5 

333 

062 

GO TO 310 

310 

226 

GATE 6 

311 

222 

GATE 2 

312 

203 

DECODE 

CONTINUE 


334 

204 

DELTA PGM CTR 

335 

204 

DELTA PGM CTR 

336 

203 

DECODE 
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4-1.0 MICRO PROGRAMS (Cont.) 


GO TO 340--357 


034 

061 

GO TO 304 


035 

061 

GO TO 304 


304 

224 * 

GATE 4 


305 

204 

DELTA PGM 

CTR 

306 

200 

SET C=0, CLR A & B 

307 

200 

SET C=0, CLR A & B 

310 

226 

GATE 6 


311 

222 

GATE 2 


312 

203 

DECODE 


LOAD 

2 DIGITS 

360-367 


036 

021 

GO TO 104 


104 

204 

DELTA PGM 

CTR 

105 

340 

STORE ROM 

LSD IN CY)CO) 

106 

361 

STORE ROM 

MSD IN CYKl) 

J07 

200 

SET C=0. CLR A & B 

110 

322 

STORE SUM 

T r\i t V 'i i v 'l 

* i i v • / v *- / 

111 

• — 

323 

• 

STORE SUM 

IN (Y)(3) 

• 

125 *■ 

• 

337 

STORE SUM 

IN (Y)07) 

126 

044 

GO TO 220 


220 

204 

DELTA PGM 

CTR 

221 

203 

DECODE 

- 


LOAD 16 DIGITS 370-377 


037 

012 

GO TO 

050 




050 

204 

DELTA 

PGM 

CTR 



051 

356 

STORE 

ROM 

LSD 

IN 

(Y)(16) 

052 

377 

STORE 

ROM 

MSD 

IN 

CY)(17) 

053 

204 

DELTA 

PGM 

CTR 


054 

354 

STORE 

ROM 

LSD 

•IN 

(Y)Cl 4) 

055 

• • 

375 

e 

STORE 

ROM 

MSD 

IN 

CY) CIS) 

075 

204 

DELTA 

PGM 

CTR 


CY)CO) 

076 

340 

STORE 

ROM 

LSD 

IN 

077 

361 

STORE 

ROM 

MSD 

IN 

CY) Cl ) 

100 

044 

GO TO 

220 



220 

204 

DELTA 

PGM 

CTR 



221 

203 

DECODE 




6/15/73 






4-11 


TP-285 






4-1.0 

4-1.1 

FI 00 
FI 01 
FI 02 
FI 03 
FI 04 
FI 05 
FI 06 
FI 07 

F200 
F201 
F202 
~ F203 
F204 
F205 
F206 
F207 
F300 
F301 
F302 
F303 
F304 

F305 

F306 

F307 

F400 

F401 

F402 

F403 

F404 

F405 

F406 

F407 

6/15/73 
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MICRO PROGRAMS (Cont.) 

FUNCTION DESCRIPTIONS 

- ENABLES F20n FUNCTION GROUP 

- ENABLES F30n & F40n FUNCTION GROUPS 

- ENABLES CARRY LATCH IN ADDITION & ADDRESSES & WRITES IN RAM 

- LOADS CHARACTER REGISTER * B 1 & ADDRESSES RAM 

- LOADS CHARACTER REGISTER 'A' 

- ENABLES CARRY LATCH & WRITES IN RAM 

- WRITES IN RAM & SELECTS RAM DATA 

- SELECTS RAM DATA & WRITES IN RAM 

- TERMINATES ARITHMETIC (CLEARS CARRY, ETC.) 

- ADJUSTS Q-ROM ADDRESS SEQUENCE FOR CARRY 

-• ADJUSTS Q-ROM ADDRESS SEQUENCE FOR D (KB ENTRY) 

- TERMINATES ARITHMETIC & LOADS U-ADDRESS REGISTER & N-CNTR. 

- CLOCKS ADDRESS REGISTER FOR P-ROM 

- PRESETS CARRY & CLEARS CHAR, REGISTER 

- PRESETS E-LATCH & CLEARS CHAR. REGISTER 

- ENABLES CARRY LATCH 

- (UNUSED) 

- USED TO SELECT KB ENTRY AS P-ROM ADDRESS OR PREVIOUS ADDRESS 

- (UNUSED) 

- (.UNUSED) 

- USED TO SELECT PRVIOl'S ADDRESS AS P-ROM ADR. OR INSTRUCTED 
ADDRESS 

- USED TO SELECT- PREVIOUS ADDRESS AS P-ROM ADR. OR INSTRUCTED 
ADDRESS 

- (UNUSED) 

- (UNUSED) 

- ADJUSTS Q-ROM ADDRESS FOR PRINT CYCLE OPERATION 

- USED IN CLOCKING.ADDRESS REGISTERS FOR P-ROM 

- LOADS ADDRESS REGISTER/CNTR. FOR P-ROM 

- USED IN CLOCKING ADDRESS REGISTERS FOR P-ROM & RESETS ENTRY 
LATCHES 

- USED IN CLOCKING ADDRESS REGISTERS FOR P-ROM & RESETS ENTRY 
LATCHES 

- CLEARS M-CNTR. (ADR. REG. FOR P-ROM) & USED IN CLOCKING ADR. 
_ USED* IN CLOCKING ADR. REGISTERS FOR P-ROM 

- USED AS CLOCK FOR. U-ADDRESS REGISTER FOR. RAM 

4-12 TP-285 
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4-1.0 MICRO PROGRAMS (Cont.) 

4-1.2 MAIN PROGRAM COUNTER CONTROLS 



© (f) « F30T-L24 

@ F402' 

@© » F304-L25 


@© ■ F3CT5 • L29 

© © = F305-L31 

(5) @ = FlOS'* L32 
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72 
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11 

11 

63 

63 

65 

c 5 

64 

64 

61 

61 

21 

12 

n 

s 

O 

s 

40 

224 - 

- 225 - 

222 

44 

206 

317 

207 

71 - 

• 204 - 

-356 

-377- 

-204- 

-354 - 

-375- 

- 204- 

-352 

0 

0 

60 

373 

204 

350 

371 

204. 

346 

367 

204 

344 

365 

204 

R42 

363 

204 

340 

361 

§ 

§ 

100 

44 

200 . 

200. 

200. 

204 '• 

34$; 

361- 

200.- 

322 - 

323" 

-324-.- 

-325; 

326 - 

- 327' 

- 330 • 

331- 

K 

cn 

O 

120 

332 

333 

334 

335 

336 

337 

44 

200 

221 

225 

222 

237 

203 

200 

200 

200 

J> 


mo 

220 

30 

260 

300 

210 

44 

200 

200 ■ 

- 206 - 

34 - 

- 200- 

-200 - 

-•205- 

- 34 ■ 

-200 

200 


CO 

160 

300 

320 

301 

321 

302 

322 

303 

323 

304 

324 

305 

325 

306 

326 

307 

327 

w 

/~N 

0 

200 

310- 

330 

311- 

-331 

312 

332 

313- 

333- 

••314' 

334- 

-315- 

-335" 

-316- 

-336- 

--317“ 

- 337- 


0 

p 

220 

204 

203 

200 

200 

301 

320 

302 

321 

303 

322 

304 

323 

305 

324 

306 

325 


ft 

240 

307 

326 

310 

327 

311 

330 

-312- 

-331- 

-313- 

-332- 

-314- 

-333- 

-315- 

-334- 

-316-- 

-335 



260 

317 

336 

200 

337 

44 

200 

200 

200 

202 

56 

22 3 

224 

225 

222 

203 

200 



300 

204- 

204 

44 - 

200 

224 

204 - 

200- 

-200- 

-226 - 

-222- 

-203- 

-200- 

-206- 

-317- 

- 207- 

-- 70 



320 

206 

300 

207 

70 

206 

300 

207 

71 

226 

204 

225 

62 

204 

204 

203 

200 



340 

201 

66 - 

67- 

- 200 

201 

67 - 

- 66- 

-200 - 

-206- 

- 300- 

-207- 

-301- 

--207- 

-302- 

-207“ 

-303- 



360. 

207 

304 

207 

305 

207 

306 

207 

307 

20? 

. 310 

207 

_311__ 

207 

312 

207 

313 



400 

207- 

-314 • 

207 

- 315 

207 

~ 31 c 

207" 

-317- 

-207 ' 

- 71" 

-20 0- 

-200 - 

-206- 

-300- 

- 207" 

• 30T 



420 

207 

302 

207 

303 

207, 

304 

207 

305 

207 

306 

207' 

307 

207 

310 

207 

311 



440 

207- 

312 - 

-207- 

.313 

207 - 

--314 

207- 

-315- 

-207- 

-316 - 

-207- 

-317- 

-207 - 

.... 70 _. 

- 200- 

--200 



460 

316 

337 

315 

336 

314 

335. 

313 

334. 

312. 

333 

311 

332 

310 

331 

307 

330 



500 

306 

327 - 

305 - 

- 326 

304' 

325 

303'- 

324. 

“302- 

-323" 

-301- 

-222- 

-3OO- 

"321“ 

- 200 " 

-32O- 



520 

44 

200 

200 

200 

205- 

206 

126 

200 

' 260 

300 

320 

261 

301 

321 

262 

302 



540 

322- 

263 

-303 

'.323 - 

-264 r 

-304 - 

- 324 - 

-265" 

-305- 

-325 - 

- 266- 

-306“ 

-326-- 

- 26?- 

“307“ 

.•. 327 . 



560 

270 

310 

330 

271 

311 

331 

272 

312 

332 

273 

313 

333 

274 

314 

334 

275 



600 - 

315- 

- 335 - 

-27 6- 

-316- 

- 336- 

-277 

-317- 

-337- 

-•44- 

-20 0 - 

-200- 

-2 00" 

-227- 

-300- 

-240“ 

"301 



620 

241 

302 

242 

303 

243 

304 

244 

305 

245 

30 5 

246 

307 

■ 247 

310 

250 

311 



640 

251 

312 ~ 

252 - 

'313 

253 

314 

254 - 

-•315- 

-255“ 

-315- 

-’256 - 

-317“ 

"257- 

— ■44“ 

“200“ 

-200- 



660 

227 

260 

320 

261. 

321 

262 

322 

263- 

323 

264 

324 

265 

325 

266 

326 

26 7 



700 

327- 

• 270 - 

-330- 

- 271 ' 

-331 ' 

-272 - 

332- 

-273- 

"333 

-274 - 

-334- 

-275- 

-335" 

-276“ 

-336“ 

- 27 T 



720 

337 

44 

0, 

0 

0 

0 

0 

0 

0 

h 

0 

0 

0 

0 

0 

0 



740 

-- o- 

o_ 

— -o~ 

- 0- 

-o- 

.— o- 

-.-0" 

—o- 

- 0 .. 

-— 0 - 

- 0 ~ 

— -0- 

- 0 - 

- 0: - 

— “0“ 

--Q- 



760 

0 

0 

0 

0, 

0 

0 

0 

. 0 

0 

0 

0 

0 

0 

0 

0 

0 



.000 

200 - 

. - 0 

1 

- 200* 

..... Q.. 

-200 - 

-7-0 

- 20 0 ■■ 

-Q- 

-200- 

— 1-0-- 

-200- 

0- 

-200“ 

— o- 

-200“ 

-— 0 - 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.0 MICRO 

PROGRAMS 

(Cont. 

) 




4-1.4 MICRO 

ROM LISTING WITH DESCRIPTION 



Address 

instruction 



MACRO-ROM 

INSTRUCTION 

X 0 

56 

GOTO 

270 

HALT(Get next 
code) 

keyboard 

000 

X 1 

26 

GOTO 

130 * 

GOSUB 

T ' 

010-017 

x 2 

45. GOTO 

224, 

SHIFT RIGHT 


020-027 

x 3 

114 

GOTO 

460 

SHIFT LEFT 


030-037 

„X 4 

33 

GOTO 

154 

+ 


040-047 

X 5 

32 

GOTO 

150 

- 


050-057 

x 6 

126 

GOTO 

530 

ADD 


050-067 

x 7 

125 

GOTO 

524 

SUB 


070-077 

x 10 

143 

GOTO 

614 

LOAD 


110-107 

x 11 

143 

GOTO 

614 

II 


110-117 

x 12 

143 

GOTO 

614 

It 


120-127 

x 13 

143 

GOTO 

614 

ft 


130-137 

x 14 

154 

GOTO 

660 

STORE 


140-147 

x 15 

154 

GOTO 

660 

II 


150-157 

x 16 

154 

GOTO 

661.1 

it 


160-167 

x 17 

154 

GOTO 

660 

II 


170-177 

x 20 

72 

GOTO 

350 

BRANCH ON ENTIRE f 0 

200-207 

X 21 

72 

GOTO 

350 

ir it 

f o 

210-217 

% _ 

x 22 

103 

GOTO 

414 

II . * It 

= 0 

220-227 

x 23 

103 

GOTO 

414 

n u 

= 0 

230-237 

x 24 

11 

GOTO 

44 

“ MSD 

t 0 

240-247 

x 25 

11 

GOTO 

44 

II II 

t 0 

250-257 

x 26 

63 

GOTO 

314 

II H 

= 0 

260-267 

x 27 

63 

GOTO 

314 

II It 

= 0 

270-277 

x 30 

65 

GOTO 

324 

" . LSD 

t 0 

300-307 

x 31 

65 

GOTO 

324 

II U 

t 0 

310-317 

x 32 

64 

GOTO 

320 

II II 

= 0 

320-327 

x 33 

64 

GOTO 

320 . 

>■ II 

= 0 

330-337 

x 34 

61 

GOTO 

304 

BRANCH 


340-347 

x 35 

61 

GOTO 

304 

BRANCH 


350-357 

x 36 

21 

GOTO 

104 

LOAD 2 DIGITS 


360-367 

x -37 

12 

GOTO 

50 

LOAD 16 DIGITS 


370-377 

6/15/73 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 


\DDRESS 

INSTRUCTION 

40 

224 

COUNTER GATE 4 RETURN 

41 

225 

COUNTER GATE 5 

42 

222 

COUNTER GATE 2 

43 

44 

GOTO 220 

-44 

206 

SET B-COMP TO ON, CLEAR A & B 

45 

317 

LOAD A FROM Y17 

46 

207 

UPDATE CARRY 

47 

71 

GOTO 344 C=1 FOR MSD/O 

(REALLY BRANCH) 

-50 

204 

DELTA PROG COUNTER 

51 

356 

STORE ROM LSD IN Y16 

52 

377 

STORE ROM MSD IN Y17 

53 

204 

DELTA PROG COUNTER 

54 

354 

STORE ROM LSD IN Y14 

55 

375 

STORE ROM MSD IN Y15 

56 

204 

DELTA PROG COUNTER 

57 

352 

STORE ROM LSD IN Y12 

50 

373 

STORE ROM MSD IN Y13 

61 

204 

DELTA PROG COUNTER 

62 

350 

STORE ROM LSD IN Y10 

63 

371 

STORE ROM MSD IN Yll 

64 

204 

DELTA PROG COUNTER 

65 

346 

STORE ROM LSD IN Y 6 

66 

367 

STORE ROM MSD IN Y 7 

67 

204 

DELTA PROG COUNTER 

70 

344 

STORE ROM LSD IN Y 4 

71 

365 

STORE ROM MSD IN Y 5 

72 

204 

DELTA PROG COUNTER 

73 

342 

STORE ROM LSD IN Y 2 

74 

363 

STORE ROM MSD IN Y 3 

75 

204 

DELTA PROG COUNTER 

76 

340 

STORE ROM LSD IN Y 0 

77 

6/15/73 

361 

STORE ROM MSD IN Y 1 

4-16 


MACRO-ROM 
INSTRUCTION 

001 


TP-285 



FRIDEN IS55 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO 

ROM LISTING WITH DESCRIPTION (Cont) 

9DRESS 

INSTRUCTION 

* 

100 

44 

GOTO 220 NO 

OP 

101 

200 

SET C=0 » CLEAR A & 

B 

102 

200 

SET C=0, CLEAR A & 

B 

103 

200 

SET C=0 , CLEAR A & 

B 

-104 

204 

DELTA PROG COUNTER 


105 

340 

STORE ROM LSD IN Y 

0 

106 

361 

STORE ROM MSD IN Y 

1 

107 

200 

SET C=0, CLEAR A & 

B 

110 

322 

STORE SUM IN Y 2 


111 

323 

STORE SUM IN Y 3 


112 

324 

STORE SUM IN Y 4 


113 

325 

STORE SUM IN Y 5 


114 

326 

STORE SUM IN Y 6 


115 

327 

STORE SUM IN Y 7 


1 1 O 

^ A A 

oou 

a*»-a Ar- Mill V ftt IM A 

OiUKC OUI'I JL 1 IU 


117 

331 

STORE SUM IN Yll 


120 

332 

STORE SUM IN Y12 


121 

333 

STORE SUM IN Y13 


122 

334 

STORE SUM IN Y14 


123 

335 

STORE SUM IN Y15 


124 

336 

STORE SUM IN Y16 


125 

337 

STORE SUM IN Y17 


126 

44 

GOTO 220 


127 

200 

SET C = 0, CLEAR A & 

B 

-130 

221 

COUNTER GATE 1 


131 

225 

COUNTER GATE 5 


132 

222 

COUNTER GATE 2 


133 

237 

CLEAR M4 - Mil TO 

ZERO 

134 

203 

DECODE NEW INSTRUCTION 

135 

200 

SET C=0, CLEAR A & 

B 

136 

200 

SET C=0, CLEAR A & 

B 

137 

200 

SET C=0, CLEAR A & 

B 


MACRO-ROM 

INSTRU CTION 

002 


4-17 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 

JDRESS INSTRUCTION 


MACRO-ROM 

INSTRUCTION 


x 140 

220 

SKIP NE/T INSTR: 

ON F=1 OUTPUT 

141 

30 

GOTO 140 


142 

260 

LOAD B FROM 0 0 


143 

300 

LOAD A FROM Y 0 


'144 

210 

OUTPUT ONE BYTE 


145 

44 

GOTO 220 


146 

200 

SET C = 0, CLEAR A 

& B 

147 

200 

SET C=0, CLEAR A 

& B 

-150 

206 

B-COMP TO ON, CLEAR A & B 

151 

34 

GOTO 160 


152 

200 

SET C=0, CLEAR A 

& B 

153 

200 

SET C=0, CLEAR 1 

& B 

-154 

205 

SET C=1, CLEAR A 

& B 

155 

34 

GOTO 160 


156 

200 

SET C=0, CLEAR A 

& B 

157 

200 

SET C=0, CLEAR A 

& B 

160 

300 

LOAD A FROM Y.O 


161 

3-2D 

STORE SUM IN Y 0 


162 

301 

LOAD A FROM Y 1 


163 

321 

STORE SUM IN Y 1 


164 

302 

LOAD A FROM Y 2 


165 

322 

STORE SUM IN Y 2 


166 

303 

LOAD A FROM Y 3 


167 

323 

STORE SUM IN Y 3 


170 

304 

LOAD A FROM Y 4 


171 

324 

STORE SUM IN Y 4 


172 

305 

LOAD A FROM Y 5 


173 

325 

STORE 1 SUM IN Y 5 


174 

306 

LOAD A FROM Y 6 


175 

326 

STORE SUM IN Y 6 


176 

307 

LOAD A FROM Y 7 


177 

327 

STORE SUM IN Y 7 


6/15/73 
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003 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 

.DDRESS INSTRUCTION 

m n« in 1 " '■ * » 


200 

310 

201 

330 

202 

31*1 

203 

331 

204 

312 

205 

332 

206 

313 

207 

333 

210 

314 

211 

334 

212 

315 

213 

335 

214 

316 

215 

336 

216 

317 

217 

337 

220 

204 

221 

203 

222 

200 

223 

200 

-224 

301 

225 

320 

926 

302 

227 

321 

230 

303 

231 

322 

232 

304 

233 

323 

234 

305 

235 

324 

2*36 

306 

237 

325 

240 

307 

241 

326 


6/15/73 


LOAD A FROM Y10 
STORE SUM IN.Y10 
LOAD A FROM Yll 
STORE SUM IN Yll 
LOAD A FROM Y12 
STORE SUM IN Y12 
LOAD A FROM Y13 
STORE SUM IN Y13 • 

LOAD A FROM Y14 
STORE SUM IN YI4 
LOAD A FROM Y15 
STORE SUM IN, Y1 5 
LOAD A FROM Y16 
STORE SUM IN Y16 
LOAD A FROM Y17 
STORE SUM IN Y17 
DELTA PROG COUNTER 
DECODE NEW INSTRUCTION 
SET C=0, CLEAR A & B 
SET C=0, CLEAR A & B 
LOAD A FROM Y 1 
STORE SUM IN Y 0 
LOAD A FROM Y 2 
STORE SUM IN Y 1 
LOAD A FROM Y 3 
STORE SUM IN Y 2 
LOAD A FROM Y ,4 
STORE SUM IN Y 3 
LOAD A FROM Y 5 
STORE SUM IN Y 4 
LOAD A FROM Y 6 
STORE SUM IN Y 5 
LOAD A FROM Y 7 
STORE SUM IN Y 6 
4-19 


MACRO-ROM 

INSTRUCTION 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 

ODRESS INSTRUCTION 


MACRO-ROM 

INSTRUCTION 


242 

310 

LOAD A FROM Y10 



243 

327 

STORE SUM IN Y 7 



244 

311 

LOAD A FROM Yll 



245 

330 

STORE SUM IN Y10 



246 

312 

LOAD A FROM Y12 



247 

331 

STORE SUM IN Yll 



250 

313 

LOAD A FROM Y13 



251 

332 

STORE SUM IN Y12 



252 

314 

LOAD A FROM Y14 



Z 53 

333 

STORE SUM IN Y13 



254 

315 

LOAD A FROM Y15 



255 

334 

STORE SUM IN Y14 



256 

316 

LOAD A FROM Y16 



257 

335 

STORE SUM IN Y15 



260 

317 

LOAD A FROM Y17 



261 

336 

STORE SUM IN Y16 



262 

200 

SET C=0, CLEAR A 

& 

B 

263 

337 

STORE SUM IN Y17 



264 

44 

GOTO 220 



265 

200 

SET C=0, CLEAR A 

& 

B 

266~, 

200 

SET C=0, CLEAR A 

& 

B 

267 

200 

SET C=0, CLEAR A 

& 

B 

-270 

202 

SKIP NEXT INSTR. 

ON 

D=1 

271 

56 

GOTO 270 




272 

273 

274 

275 

276 

277 

300 

301 
303 

6/15/73 


223 COUNTER GATE 3 

224 COUNTER GATE 4 

225 COUNTER GATE 5 
222 COUNTER GATE 2 

203 DECODE NEW INSTRUCTION 
200 SET C = 0, CLEAR A & B- ■ 

204 DELTA PROG COUNTER REALLY SKIP 2 
44 GOTO 220 

200 SET C=0, CLEAR A & B 

4t20 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO 

ODRESS 

ROM LISTING WITH DESC. (Cont.) 

MACR0-R0M 

INSTRUCTION ‘'INSTRUCTION 

303 

200 

SET C=0, CLEAR A & B 

-304 

224 

COUNTER' GATE 4 

305 

204 

DELTA PROG COUNTER 

306 

200 

SET C = 0, CLEAR A & B 

307 

200 

SET C = 0, CLEAR A & B 

-310 

226 

COUNTER GATE 6 

311 

222 

COUNTER GATE 2 

312 

203 

DECODE NEW INSTRUCTION 

313 

200 

SET C = 0, CLEAR A & B 

-314 

206 

SET B-COMP TO ON, CLEAR A & B 

315 

317 

LOAD A FROM Y17 

316 

207 

UPDATE CARRY 

317 

70 

GOTO 340 c=l FOR MSD^O (DON'T BRANCH) 

-320 

206 

SET B-COMP TO ON, CLEAR A & B 

321 

300 

LOAD a from y 0 

322 

207 

UPDATE CARRY 

323 

70 

GOTO 340 C=1 FOR LSD^O (DON'T BRANCH) 

-324 

206 

SET B-COMP TO.ON, CLEAR A & B 

325 

300 

LOAD A FROM Y 0 

326 

207 

UPDATE CARRY 

327 

.71 

GOTO 344 C=1 FOR LSD^O (REALLY BRANCH) 

-330 

226 

COUNTER GATE 6 BRANCH 

** 331 

204 

DELTA PROG COUNTER 

332 

225 

COUNTER GATE 5 

333 

62 

GOTO 310 

-334 

204 

DELTA PROG COUNTER (DON'T BRANCH) 

335 

204 

DELTA PROG COUNTER 

336 

203 

DECODE NEW INSTRUCTION 

337 

200 

SET C=0, CLEAR A & B 

-340 

201 

SKIP NEXT INSTRUCTION ON C=1 (DON'T BRANCH IF C= 

341 

66 

GOTO 330 (BRANCH) 


6/15/73 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) MACRO-ROM 

DDRESS INSTRUCTION INSTRUCTION 


342 

67 

GOTO 334 (.DON'T BRANCH] 

4 

343 

200 

SET C=0, CLEAR A & B 

-344 

2U1 

SKIP NEXT INSTR. ON C=1 (REALLY BRANCH 

IF C=1) 

345 

67 

GOTO 334 (DON'T BRANCH) 

346 

66 

GOTO 330 (BRANCH) 

347 

200 

SET C = 0, CLEAR A & B 

-350 

206 

SET B-COMP TO ON, CLEAR A & B 

351 

300 

LOAD A FROM Y 0 

352 

207 

UPDATE CARRY 

353 

301 

LOAD A FROM Y 1 

354 

207 

. UPDATE CARRY 

355 

302 

LOAD A FROM Y 2 

356 

207 

UPDATE CARRY 

357 

303 

LOAD A FROM Y 3 

360 

207 

UPDATE CARRY 

361 

304 

LOAD A FROM Y 4 

362 

207 

UPDATE CARRY. 

363 

305 

LOAD A FROM'Y 5 

364 

207 

UPDATE CARRY 

365 

306 

LOAD A FROM Y 6 

366 

207 

UPDATE CARRY 

367 

307 

LOAD A FROM Y 7 

370 

207 

UPDATE CARRY 

371 

310 

LOAD A FROM Y10 

372 

207 

UPDATE CARRY 

373 

311 

LOAD A FROM Yll 

374 

207 

UPDATE CARRY 

375 

312 

LOAD A FROM Y12 

376 

207 

UPDATE CARRY 

377 

313 

LOAD A FROM Y13 

400 

207 

UPDATE CARRY 

401 

314 

LOAD A FROM Y14 

6/15/73 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO 

'address 

ROM LISTING 

WITH DESC. 

. (Cont.) 

INSTRUCTION 


402 

207 

UPDATE 

CARRY 

403 

315 

LOAD A 

FROM Y15 

404 

207 

UPDATE 

CARRY 

405 

316 

LOAD A 

FROM Y16 

406 

207 

UPDATE 

CARRY 

407 

317 

LOAD A 

FROM Y17 

410 

207. 

UPDATE 

CARRY 

411 

71 

GOTO 344 C=1 FOI 

412 

200 

SET C=0 

i, CLEAR A 

413 

200 

SET C=G 

i, CLEAR A 

-414 

206 

SET B-COMP TO ON 

415 

300 

LOAD A 

FROM Y 0 

416 

207 

UPDATE 

CARRY 

417 

301 

LOAD A 

FROM Y 1 

420 

207 

UPDATE 

CARRY 

421 

302 

LOAD A 

FROM Y 2 

422 

207 

UPDATE 

CARRY 

423 

'l 

303 

LOAD A 

FROM Y 3 

424 

ijyi 

-UPDATE 

CARRY' 

425 

304 

LOAD A 

FROM Y 4 

426 

207 

UPDATE 

CARRY 

427 

305 

, LOAD A 

FROM Y 5 

430 

207 

UPDATE 

CARRY 

431 

305 

LOAD A 

FROM Y 6 

432 

207 

UPDATE 

CARRY 

433 

307 

LOAD A 

FROM Y 7 

434 

207 

UPDATE 

CARRY 

435 

310 

LOAD A, 

FROM Y10 

436 

207 

UPDATE 

CARRY 

437 

311 

LOAD A 

FROM Yll 

440 

207 

UPDATE 

CARRY 

441 

312 

LOAD A 

FROM Y12 

442 

207 

UPDATE 

CARRY 

6/15/73 
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INSTRUCTION 


BRANCH) 


TP-285 




FRIDEN 1155 PROGRAMMABLE CALCULATOR 



REFERENCE 

4-1.4 MICRO 

ADDRESS 

ROM LISTING WITH DESC. (Cent.) MACRO-ROM 

'INSTRUCTION ‘INSTRUCTION 

443 

313 

LOAD A FROM Y13 

444 

207 

UPDATE CARRY 

445 

314 

LOAD A FROM Y14 

. 446 

2*07 

UPDATE CARRY 

447 

315 

LOAD A FROM Y15 

'450 

207 

UPDATE CARRY 

451 

316. 

LOAD A FROM Y16 

452 

207 

UPDATE CARRY 

453 

317 

LOAD A FROM Y17 

454 

207 

UPDATE CARRY 

455 

70 

GOTO 340 C = 1 FOR ENTIRE fO (DON J T BRANCH) 

456 

200 

SET C=0, CLEAR A & B 

457 

200 

SET C=0 S CLEAR A & B 

-460 

316 

LOAD A FROM Y16 

461 

337 

b i Imc. bur* i i i / 

462 

315 

LOAD A FROM Y15 

463 

336 

STORE SUM IN Y16 

464 

314 

LOAD A FROM Y14 

465 

335 

STORE SUM IN Y15 

466 

313 

LOAD A FROM Y13 

467 

334 

STORE SUM IN Y14 

470 

312 

, LOAD A FROM Y12 

471 

333 

STORE SUM IN Y13 

472 

311 

LOAD A FROM Yll 

473 

332 

STORE SUM IN Y12 

474 

310 

LOAD A FROM Y10 

475 

331 

STORE SUM IN Yll 

476 

307 

LOAD A .FROM Y 7 

477 

330 

STORE SUM IN Y10 

500 

306 

LOAD A FROM Y 6 

501 

327 

STORE SUM IN Y 7 

502 

305 

LOAD A FROM Y 5 

503 

6/15/73 

326 

STORE SUM IN Y 6 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO 

ADDRESS 


ROM LISTING WITH DESC, 

•INSTRUCTION 


(Cont.) 


MACRO-ROM 

INSTRUCTION 


504 

3'04 

LOAD A FROM Y 4. 



505 

325 

STORE.SUM IN Y 5 



506 

303 

LOAD A FROM Y 3 



507 

3*24 

STORE SUM IN Y 4 



510 

302 

LOAD A FROM Y 2 



511 

323 

STORE SUM IN Y 3 



512 

301 

LOAD A FROM Y 1 



513 

322 

STORE SUM IN Y 2 



514 

300 

LOAD A FROM Y 0 



515 

321 

STORE SUM IN Y 1 



516 

200 

SET C = 0, CLEAR A 

& 

B 

517 

320 

STORE SUM IN Y 0 



520 

44 

GOTO 220 



521 

200 

SET C=0, CLEAR A 

& 

B 

522 

200 

SET C=0, CLEAR A 

& 

B 

523 

200 

"SET C = 0, CLEAR A 

& 

B 

-524 

205 

SET C=1, CLEAR A 

& 

B 

525 

206 

SET B-COMP TO ON, 

CL 

526 

126 

GOTO 530 



527 

200 

SET C=0, CLEAR A 

& 

B 

-530 

260 

LOAD B FROM 0 0 



531 

300 

, LOAD A FROM Y 0 



532 

261 

load'B FROM 0 1 



534 

301 

LOAD A FROM Y 1 



535 

321 

STORE SUM IN Y 1 



536 

262 

LOAD B FROM 0 2 



537 

302 

LOAD A FROM Y 2 



540 

322 

STORE SUM IN Y 2 



541 

263 

LOAD B FROM 0 3 



542 

. 303 

LOAD A FROM Y 3 



543 

323 

STORE SUM IN Y 3 



544 

264 

LOAD B FROM 0 4 



545 

304 

LOAD A FROM Y 4 



546 

324 

-.STORE SUM IN. Y 4 
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TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 


^DRESS 

•'.INSTRUCTION 

547 

' 265 

• LOAD B FROM 0 5 

550 

305 

LOAD A FROM Y 5 

551 

325 

STORE SUM IN Y 5 

552 

266 

LOAD B FROM 0 6 

553 

306 

LOAD A FROM Y 6 

554 

326 

STORE SUM IN Y 6 

555 

267 

LOAD B FROM 0 7 

556 

307 

LOAD A FROM Y 7 

557 

327 

STORE SUM IN Y 7 

560 

270 

LOAD B FROM 010 

561 

310 

LOAD A FROM Y10 

'562 

330 

STORE SUM IN Y10 

563 

271 

LOAD B FROM Oil 

564 

311 

LOAD A FROM Yll 

565 

331 

STORE SUM IN Yll 

566 . 

272 

LOAD B FROM 012 

567 

312 

LOAD A FROM Y12 

570 

; 332 

STORE SUM IN Y12 

571 

273 

LOAD B FROM 013 

572 

3T3 

LOAD A FROM Y13 

573 

333 

STORE SUM IN Y13 

574 

274 

LOAD B FROM 014 

575 

314 

LOAD A FROM Y14 

576 

334 

STORE SUM IN Y14 

577 

' 275 

LOAD B FROM 015 

600 

315 

LOAD A FROM Y15 

601 

335 

STORE SUM IN Y15 

602 

276 

LOAD B FROM 016 

603 

316 

LOAD A 'FROM Y16 

604 

336 

STORE SUM IN Y16 

605 

277 

LOAD B FROM 017 

606 

317 

' LOAD A FROM Y17 

607 

337 

STORE SUM IN Y17 

610 

44 

GOTO 220 


6/15/73 4-26 


MACRO-ROM 
' INSTRUCTION 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM 1 TSTTNG WITH DESC. (Cont.) 

DDRESS INSTRUCTION 


611 

200 

612 

200 

613 

200 

-614 

227 

615 

300 

616 

240 

617 

301 

620 

241 

621 

302 

622 

242 

623 

303 

624 

243 

625 

304 

626 

244 

627 

305 

630 

245 

631 

306 

632 

246 

633 

307 

634 

247 

635 

310 

636 

250 

637 

311 

640 

2bl 

641 

312 

642 

252 

643 

313 

644 

253 

645 

314 

646 

254 

647 

315 

650 

255 

651 

316 

652 

6/15/73 

256 


SET C=0, CLEAR A & B 
SET C=0, CLEAR A & B 
SET C=0, CLEAR A & B 
SET 5-BIT FLAG TO ON 
LOAD A FROM Y 0 
STORE SUM IN 0 0 
LOAD A FROM Y 1 
STORE SUM IN 0 1 
LOAD A FROM Y 2 
STORE SUM IN 0 2 
LOAD A FROM Y 3 
STORE SUM IN 0 3 
LOAD A FROM Y 4 
STORE SUM IN 0 4 

lAAn A EDAM V C 
l.\j r\ u n . i w 

STORE SUM IN 0 5 
LOAD A FROM Y 6 
STORE SUM IN 0 6 
LOAD A FROM Y 7 
STORE SUM IN 0 7 
LOAD A FROM Y10 
STORE SUM IN 010 
LOAD A FROM Yll 
STORE SUM IN Oil 
LOAD A FROM Y12 
STORE SUM IN 012 
LOAD A FROM Y13 
STORE SUM IN 013 
LOAD A FROM Y14 
STORE SUM IN 014 
LOAD A FROM Y15 
STORE SUM IN 015 
LOAD A FROM Y16 
STORE SUM IN 016 

4-27 


MACRO-ROM 

INSTRUCTION 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 

ADDRESS -INSTRUCTION 


653 

317 

654 

257 

655 

44 

656 

200 

657 

200 

-660 

227 

661 

260 

662 

320 

663 

261 

664 

321 

665 

262 

666 

322 

667 

263 

670 

323 

671 

264 

672 

324 

673 

265 

674 

325 

675 

266 

676 

326 

677 

267 

700 

327 

701 

270 

702 

330 

703 

271 

704 

331 

705 

272 

706 

332 

707 

273 

710 

333 

711 

274 

712 

334 

713 

275 

6/15/73 



LOAD A FROM Y17 
STORE*SUM IN 017 
GOTO 220 

SET C=0, CLEAR A & B 
SET C=0, CLEAR A & B 
SET 5-BIT FLAG TO ON 
LOAD B FROM 0 0 
STORE SUM IN Y 0 
LOAD B FROM 0 1 
STORE SUM IN Y1 
LOAD B FROM 0 2 
STORE SUM IN Y 2 
•LOAD B FROM 0 3 
STORE SUM IN Y 3 
LOAD B FROM Q 4 
STORE-SUM IN Y 4 
LOAD B FROM 0 5 
STORE SUM IN Y 5 
LOAD B FROM 0 6 
STORE SUM IN Y 6 
LOAD B FROM 0 7 
STORE SUM IN Y 7 
LOAD B FROM 010 
STORE SUM IN Y10 
LOAD B FROM Oil 
STORE SUM IN Yll 
LOAD B FROM 012 
STORE SUM IN Y12 
LOAD B FROM 013 
STORE SUM IN Y13 
LOAD B FROM 014 
STORE SUM IN Y14 
LOAD B FROM 015 
4-28 


MACRO-ROM 

INSTRUCTION 


TP-285 



FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 

4-1.4 MICRO ROM LISTING WITH DESC. (Cont.) 


ADDRESS 

' "INSTRUCTION 

• • 


714 

• 

335 

STORE SUM IN 

Y15 

715 

276 

LOAD *B FROM 

016 

716 

336 

STORE SUM IN 

Y16 

717 

277 

LOAD B FROM 

017 

720 

337 

STORE SUM IN 

Y17 

721 

44 

GOTO 220 


722 

0 

GOTO 0 



MACRO-ROM 

INSTRUCTION 


6/15/73 
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6/15/73 4=30 TP-285 


BINARY 


INSTRUCTION 

NAME 

OCTAL 

FIRST WORD 

FIRST WORD 

! ' 76 543 21 0 

SECOND WORD 

76 543 210 





HALT 

000 


00 

000 

000 

! 



RETURN 

001 


00 

000 

001 




NO-OP 

002 


00 

000 

010 ! 




OUTPUT 

003 


00 

000 

on 




$KIPr4 (DEG/RAD) 

004; 


00 

000 

100 




SKIP-5 (RUN + LIST) 

005- 


00 

000 

101 




SKIP -6 (1 STEP'+ PLOTTER) 

006 


00 

000 

no 




SKIP-7 (PROG. CODE SEARCH) 

007 


00 

000 

in 




GO-SUB 

010 - 

017 

• 00 

001 

SSS 




RT-SH 

020 - 

027. 

00 

010 

AAA 




LF-SH 

030 - 

037 

00 

on 

AAA 




+ A 

040 - 

047 

00 

100 

AAA 




-A 

050 - 

057 

00 

no 

AAA 




ADD 

• 060 - 

067 

00 

1 no 

AAA 




SUB 

070 - 

077 

00 

in 

AAA 




LOAD 

m/mm 

137 

01 

. OAA 

AAA 




STORE 

■SB 

177 

01 

1AA 

AAA 




BRANCH ALL ? 0 

200 - 

217 

10 

OOL 

' AAA 

LL 

LLL 

LLL" 

BRANCH ALL = 0 

220 - 

237 

10 

OIL 

AAA 

LL 

LLL 

LLL 

BRANCH MSD f 0 • 

240 - 

257 

10 " 

10L 

AAA 

LL ■ 

LLL 

LLL 

BRANCH MSD » 0 

260 - 

277 

. 10 

11L 

AAA 

LL 

. LLL 

LLL 

BRANCH LSD- 5 * 0 

300 - 

317 

11 

OOL 

AAA 

LL 

LLL 

LLL 

BRANCH LSD = 0 

320 - 

337 

11 

OIL 

■AAA •: 

LL 

% 

LLL 

LLL 

GO-TO 

340 - 

357 

'11 " 

lot- 

LLL 

LL 

LLL 

LLL"‘ 

INPUT-2-DIGITS 

360- - 

367 

11 

no 

AAA' 

DD 

DDD 

DDD 

INPUT-16-DIGITS 

370 - 

377 

11 

m 

AAA'., ■ 

| ..NEXT 8 WORDS-* 


-P- 

I 

ro 

o 



M 

a 




g 

o 

H 

H 

§ 

cn 


S = SUB-ROUTINE NUMBER. 

A - RAM REGISTER ADDRESS 
L - MACRO INSTRUCTION LOCATION 
D - DATA 


FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 








FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.1 MACRO ROM ENTRY POINTS 


8 


0 

—-10— 

20 , 
10— 


«« *% «% «» 

-6505- 

6440 




10 

50" 

60 

- 70 - 
80 

-90- 
100 

“ 110 " 
120 

“ 130 " 
140 

-ISO- 
160 

-380" 
i90 

-200 
210 

-220- 

230 

-240-- 

250 

-260- 

270 

-280 - 

290 

“300 — 
310 

320-— 
330 

-340 — 
350 

-360 — 
370 

-38O-— 

390 

-1500- 

410 

"420 — 


—560- 
1174 
-3774- 
1635 
—632 
2045 
-2311- 
2456 
—647 
3034 
'3316 
3425 
-3550 
3700 
-4756 
4742 


4000 

6510 - 

352 

1342- 

1324 

1776- 

1663 

-640- 

2053 

2315- 

225 

-657" 

3044 

3334 

3431 
3561- 
3674 
-4 41 
242 


6403 

6541- 

733 

1770 

1356 

-1534 

1733 

-565- 

2061 

-2332- 

2462 

- 661 - 

3070 

-3337 

3433 

- 3600 - 

3711 

-4754 

245 


--£ X XT—£X U — 


6760 

-4776- 

4546 

4774- 

372 

4275 

4244 

1725 - 

5772 

-6236 

5703 

-5754 

7042 

-6503- 

3462 

-4364 

5525 

-4710 

7014 

- 5166 - 

7740 

-7764 


502 
4700 
4535 
-3706 
403 
4167 
4263 
5562 
5321 
5323 
5366 
7016 
7033 
- 423 
3472 
4426 
5713 
320 
6600 
5202 
7742 
7766 


452 

-3576 

4770 

-3631- 

374 

4177 

4050 

6003 

5672 

5571 

5326 

7146 

7052 

1056 

3501 

4477 

7213 

7171 

7323 

5224 

7744 

7770 


6453 

6545 

740 

-1-334- 

1370 

■1541 

675 

-611 

2066 

2341 

2465 

-667- 

3100 

3342- 

3444 

-3602 

1000 

-4366 

250 

« A r» 
t:\j t - 

432 

2355 

1716 

-776 

4121 

4304 

4062 

5526 

5135 

4543 

5704 

7123 

7070 

1061 

3514 

4514 

6376 

7261 

7327 

5216 

7746 

7772 


6465 
6603 - 

747 

-474- 

1400 

1552- 

703 

3663- 

2074 

2774- 

2472 

- 672 - 

3101 

3347 

3453 

3606 - 

1004 

4336 

256 

A A < 

“ £ \JKJ- 

215 

4412- 

1560 

4750 

4127 

4417 

2732 

5574 

5642 

14?6 

5423 

7152 

4474 

1346 

3611 

4566 

6417 

7012 

7337 

5207 

7750 

7774 


6566 

6623 

750 

1107 

1407 

1564- 

710 

-2357 

2103 

2776 

2503 

3456 

3104 

■3355 

3766 

3627- 

1006 

4464 

264 

a at 

— 

221 

4762 

752 

4760 

4752 

4434 

3721 

17 

5324 

6000 

5776 

6772 

4?64 

1510 

4034 

4603 

6441 

7161 

7376 

■5232 

7752 

7776 


6473 
-6766 
331 
-1137 
1434 
3770 
613 
2006 
2125 
--2436 
2714 
-3014 
3764 
-3367 
3503 
-3651 
1042 
— 361 


6774 

306 

1120 

1415 

1572 

522 

2002 

2116 

2420 

2665 

3000 

3111 

3363 

3772 

3633 

1020 

4356 

300 322 
r\ 


A A !l 

— cut" 
2000 
4510 
4766 
4744 
4133 
44 21 
1052 

5257 

5774 

5747 

5405 

6764 

1512 

4042 

4623 


6500 

4303- 

342 

1154- 

1443 

1613- 

615 

2014- 

2132 

2447- 

2730 

3017 

3120 

3405 

3523 

3655- 

1046 

230 

1772 


6762 

6735 

535 

-1164 

1502 

1625- 

624 

-2022 

2302 

-2451 

643 

-3024 

3143 

•3415- 

3541 

-3672 

1766 

-237 

1774 


AAA AA* 


-725 6 
7211 
53C5- 
7754 
■7430 


476 

4563 

4600 

3647 

4141 

4210 

4001 

5322 

5721 

5557 

5631 

421 

2363 

4061 

4634 

6625 

7301 

7450 

-407 

7756 

7363 


46«7 
-4557 
4630 
6776-4746 
4154 


3776 

4530 

4772 


4165 

4206 

.1671 

5650 

6033 

5725 

6770 

6342- 

0 

2355 

4067 

4660 

6725 

7423 

7511 

7002 - 

7760 

7410 


4227 

4706 

56.ll 

6133 

5733 

5751 

'7075 

5000 

3113 

4360 

-5425 

4725 

7446 

7520 

-7736 

7762 

-7401 


PROCESS ING- 


-16 UNITS 


6/15/73 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 

4-2.1 MACRO ROM ENTRY POINTS (Cont.) 

7 736,7777 •' • 


1409 

7736 

GOTO 

CO 

Plp-r 


mo 

7740 

GOTO 

397 

o 


1511 

7742 

GOTO 

397 

f 

* ‘ • X 

1512 

7744 

GOTO 

397 

z 


413 

7746 

GOTO 

397 

3 


lilM 

7750 

GOTO 

397 

H 


‘ 415 

7752 

GOTO 

397 

S' 



7754 

GOTO 

397 

c 


417 

775 6 

GOTO 

397 

7 


418 

7760 

GOTO 

397 

_5___ 


419 

7762 

GOTO 

397 



420 

7764 

GOTO 

388 

(0 

ClT, t f rrc y erf a} ' 

421 

776 6 

GOTO 


II 

(Special Fv’icrion) 

422 

7770 

GOTO 

389 

a 

(Q^cLr«,ir UL ) 

423 

7772 

GOTO 

389 

13 

(fpi/i j r r * r JjL } 

424 

7774 

GOTO 

__3_89__ 

iv 

{$vctdct>«T JX-') 

_ 425 

7776 

GOTO 

389 

ir 

(^vtrelran f X ) 


_? 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.2 MACRO ROM ROUTINE ENTRY POINTS 

-338-2- -KEYBOARD - 

215 214 17 SINE/COS/TAN 

-225-101—26 -M1SC. KEY-FUNCTIONS- 

• 432 213 27 A*x 

-*--7-452 —212—16 - 1/X- 

476 217 28 LOG 10 

.502 211 13 SQUARE ROOT - - 

535 29 7 PRINT SUBROUTINE 

-565-72—15-UNPACK SUBROUTINE--- 

613 67 14 MULTIPLY SUBROUTINE 

--643—109—19-DIVIDE SUBROUTINE - 

675 63 12 SQUARE ROOT SUBROUTINE 

-733 -‘---22 4-KE ( SUBROUTINE ~- 

752 235 32 PRINT START SUBROUTINE 

-776-243-*- 

1000 .163 24 PACK SUBROUTINE 

---IO 56--342 -25 PACKOUT -— - 

1061 343 9 EXPONENTIAL 

-1346 - 344 -10 RECTANGULAR -TO POLAR- 

1502 49 11 ADD/SUBTRACT 

—1766-169- 

2000 216 17 SINE/COS/TAN 

-- 2363 - -647- -18 LOG E --■ 

2774 94 

- 3 OOO -116 21 ARC SINE/COS/TAN------ 

3462 350 22 MULTIPl//DIVIDE 

—3611 -354—23 FACTORIAL- 

3764 127 

—4000 • " 1— 3 PRINT CONTROL--- 

4477 362 30 PROGRAM STORE 

- 4647 — 219 29 POLAR TO RECTANGULAR - 

4710 380 26 MISC. KE/' FUNCTIONS 

—4744-246-^- 

5000 339 1 LIST PRINT 

- 5772 290 - - --- 

6000 305 I LIST PRINT 

-6376 - 373 - 2 KE ABOARD --- 

6762 9 

—7016 32?—33 INDIRECT ADDRESS- 

7161 385 3 PRINT CONTROL 

- 73 OI- -387— 5 DIGITAL OUTPUT-- 

7736 409 

PROCESSING 5 UNITS 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESCRIPTION 



0 341 135. 341 165 342 0 341 213 



240 1.0 366 2 0 366 42 0 



560 101 73 104 3 1 141 20 20 

-570 - 20 -- 30 - 3 0 - 1-46 - 30 - 71 - 31 - 41 

600 360 40 30 30 71 271 211 61 
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REFERENCE 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESC. (Cont.) 



1700 150 40 152 3 143 360 4 3 










FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 

MACRO ROM 

LISTING 

WITH DESC. 

(Cont.) 





2270 

13 

30 

327 

332 

57 

- 327 

311 

6f 

2300 

362 

20 

32 

262 

302 

106 

72 

344 

2310 

132 

TOT" 

I’fT 

"2215 

337" 

36 

42 

2F6 

2320 

315 

26 

52 

52 

107 

141 

102 

147 

2330 

"10 6 

14 

I4T4 " 

53 

53 

“263 

"341 

43 

2340 

43 

361 

231 

113 

145 

107 

61 

104 

2350 

12 

325 

355 

3 W ~~ 

370 

351 

“346“ 

366 

2360 

2 

350 

0 

363 

0 

230 

332 

11 

"2370" 

21 

X4 5 - 

I7f5 

372 

3 

26 

42 

167 

2400 

146 

1 

150 

70 

360 

20 

30 

V 

24X0" 

27T" ' 

2"0 

43 

4"1 

101 

361 

0" 

71 

2420 

101 

30 

147 

313 

36 

102 

75 

255 

2^30 

62 

360" 

5 

67 

'”345 

72 

105 

72 

2440 

252 

47 

360 

5 

67 

345 

56 

362 

2450 

20 

32 

"‘27 2 

n 

105“ 

72 

102 ' 

’ TTTtT " 

-- » J 

2460 

345 

72 

65 

360 

20 

30 

270 

65 

2470 

20 

7 5 


66 

"Toy" 

141 

73 

33"3 

2500 

103 

66 

66 

106 

20 

14 

22 

102 

2510 

146“ 

20 

l4l 

13 

145 

362 

0 

371 

2520 

0 

0 

0 

126 

2 

45 

25 

140 

2530 

374 

0 

22 

" 27 

“171“ 

""163" 

20 

"204 

2540 

220 

62 

102 

74 

104 

14 

37.1 

0 

2550 

0 

10 

126 

123 

123 

165 

11 

374 

2560 

0 

31 

* 62 

23 

40 

202 

3 

100 

2570 

105 

62 

102 

74 

“ToF" 

T4 

—371“ 

0 

2600 

5 

166 

105 

144 

231 

162 

170 

.i. 374 

2610 

0 

125 

““"62 

21 

62 

5 

123 

60 

2620 

105 

62 

102 

74 

104 

14 

371 

0 

2630 

11 

210 

146 

20 

63 

41 

225 

374 

_2640 

2 

47 

64 

10 4 

• 30 

204 

100 

131 

2650 

105 

62 

102 

74“ 

104 

14 

141 

106 

2660 

13 

20 

146 

360 

22 

50 

_37 

210 

2670 

265 

—To 6" 

67 

103 

20 

310 

313 

371 

2700 

2 

' 60 

45 

205 

11 

51 

224 

• 5 

2710 

107 

13 

30 

147 

113 

145 

361 

20 

2720 

31 

41 

107 

12 

315 

330 

351 

346 

2730 

“3^7 

372 

366” 

3 

350 

0 

2 

2 

2740 

2 

2 

2 

2 

2 

2 

2 

2 

2750 

2 

2 

2 

2 

2 

2 

2 

2 

2760 

2 

2 

2 

2 

2 

2 

2 

2 

2770 

2 

2 

2 

2 

344" 

363 

344“ 

365 

3000 

11 

146 

36 

107 

20 

30 

77 

360 

3010 

"20 

321 

14 

67 

21 

30 

71 

30 ' 

R020 

260 

17 

261 

34 

26 

41 

241 

24 

3030 

337 

364 

346 

44 

327 

70 

2li 

56 

3040 

76 

216 

56 

66 

141 

142 

106 

71 

3050 

62 

102 

20 

13 

30 

145 

65 

15 

3060 

265 

100 

142 

106 

141 

102 

346 

104 

3070 

20 

51 

261 

70 

26 

141 

346 

101 

3100 

141 

106 

363 

40 

14 

146 

327 

111 

3110 

57 

103 

67 

37 

106 

142 

360 

101 

3120 

30 

260 

120 

20 

72 

242 

143 

30 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESC. (Cont.) 


3130 

30 

66 

. 141 

61 

106 

71 

21 

20 

3140 

14 

47 

146 

106 

141 

13 

20 

142 

3150 

145 

144 

370 

0 

1 

120 

130 

123 

31 60 

104 

123 

20 

141 

370 

1 

63 

207 

37 70 

141 

2D 

2 

11 

44 


n no 

V 

li! 

3200 

7k 

370 

2 

161 

202 

230 

171 

27 

3210 

11 

210 

64 

370 

0 

71 

50 

65 

3220 

61 

146 

131 

22 

141 

104 

14 

75 

3230 

370 

5 

100 

142 

107 

50 

25 

22 

' 3240 

104 

6 5 

370 

3 

21 

70 

120 

163 

3250 

130 

63 

4 

141 

105 

14 

370 

2 

_3260 

1 

61 

26 

22 

125 

102 

201 

62 

3270 

102 

141 

106 

13 

370 

7 

205 

71 

3300 

201 

143 

71 

_J64 

110 

146 

142 

.327 

3310 

316 

71 

101 

361 

0 

71 

27 

107 

3320 

20 

20 

220 

367 

101 

327 

334 

... 27 .__ 

3330 

327 

337 

346 

342 

27 

327 

342 

62 

3340 

346 

347 

. 72 

262 

247 

362 

0 

106 

3350 

66 

106 

327 

355 

62 

27 

363 

0 

3360 __ 

327 

262 

43 

102 

141 

347 

23 

106 

3370 

66 

360 

40 

77 

257 

5 

77 

106 

3400 

71 

101 

261 

0 

.. 71 .. 

360 

20 

3 $3— 

3410 

0 

67 

257 

15 

43 

337 

31 

313 

3420 

25 . 

101 

361 

0 

71 

262 

0 

. 10.6 

3A30 

61 

101 

142 


347 

44 

106 

21 

_3.4A.a__. 

20 

14 

20 

72 

261 

231 

4 

347_. .. 

3450 

53 

41 

41 

102 

343 

366 

366 

4 

3460 

250 

0 

364 

1 

210 

. 102 

36.6 

_5 

3470 

350 

0 

364 

r\ 

\J 

147 

110 

142 

_ 347 

3500 

374 

364 

0 

147 

110 

142 

3_6.0_1 

__Q_ 

3510. 

5 

360 

1 

150 

107 

363 

0 

11 

3520 

.331 . 

123 

42 

147 

..... 21 

260 

_231 * 

71 

3530 

101 

145 

102 

11 

331 

141 

333 

206 

_35-4.Q_ 

53 

__14.6_ 

105 

_2i_._ 

214 

___JL5-Q- 

. 61 

_6l___ 

3550 

?I 

101 

145 

106 

14l 

107 

234 - 

202 

_3560 _ 

14._ 

1105_ 

_14l __ 

__113- 

145 

102— 

12—: 

_335- 

3570 

200 

55 

335 

176 

351 

- -** 

376 

343 

370 . 

_3600_ 

35.1__ 

34$. 

13 

14 2 _ 

247 

1$]_ 



3610 

141 

11 

143 

21 

360 

20 

30 

144 

3620 

71 

251— 

_306__ 

221_ 

227 

33- 

_J5X_ 

_211_- 

3630 

321 “ 

362 

22 

23 

52 

-44 

272 

233 

3640 

360 

5 

__ 63 

22 

213— 

?47__ 

__43— 

_103_- 

3650 

141 

271 

255 

21 

44 

101 

30 

270 

_3660 

263 

_21_ 

44 

53 

223 

311 

_ui3_ 

—142_ 

3670 

ioi 

71 

332 

300 

52 

61 

347 

272 

2 7 0.0_ 

222 

251_ 

20 

22 

247 

374 

23 _ 

—347_ 

3710 

231 

101 

—— — 

142 

104 

i4l 

102 

41 

343 

372a 

366 

_366_ 

6 

250 

n 

2 

_2_ 

_ _ _ 2- - 

3730 

2 

2 ■ 

■2 . 

2 

2 

2 

2 

2 

374 0 

2 

2 

2 

? 

2' 

2 

3 

_2—— 

3750 

2 

2 

2 

2 

2 

2 

2 

2 

. —37.6..Q_ 

2 

2 

_ 2 

2__ 

_ 346. 

_11.3_ 

_34J— 

62 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESC. (Cont.) 

3770 347 72 347 101 347 114 347 211 

_4000_ 17 10 206 _ 1 3 6 0_4_1M.3_3_ 

4010 40 363 1 3 50 143 3 3 

11020 HO 53 3 53 103 * 3 20 . . 350__ 

4030 53 3 355 366 153 360 1 152 

—4040-3-5-0-30 4-5-3-50-50-6-355- 366 -__ 

4050 153 112 50 220 62 17 112 351 

_406-0_ 352 _15-3- 360 _ 1 _ 152 _ 1 ?_ 113 _145_ 

4070 11 101 147 21 111 143 20 30 

—4100-7-3-103-144- 61 _36-0_ 20 _30-71_ 

4110 360 25 71 101 142 53 203 121 

_4120_4-2_ 360 - 6 _74_264_ 127 _-42_10-5- 

4130 2?2 34 36 41 261 141 26 206 

—41-40-133--111-145- 20 -30-7-5- 360 -5- 

4150 66 26 235 17 55 10 205 154 

—41-60- 360 - 6 -363-5-3-36-5- 2 -226- 

4170 275 245 177 55 10 350 167 360 

. ' 4200_4- 3 63-0-3- 350-165-47-26- 

4210 26 26 • 26 106 145 36 O 20 30 

_4220_77_267_227_107_77_77_41_107_ 

4230 146 101 147 10 10 360 6 363 

—42-40-4-327-2-44-53-27-3- 360 -5- 

4250 363 3 3 50 363 0 3 105 

— 42 60-1-46—-3 65- 20 - 55 - 10 -265-263-360- 

4270 6 363 5 3 10 327 304 360 

— 43 OO- -6 - 363 -3-3- 360 - 2 -1-43--3- 

4310 112 240 62 220 62 50 220 336 

—43 20 -1-47- 2-0 - 2-0 -145-14-6-30-30-77- 

4330 57 360 1 152 356 12 111 141 

_4-340_ 20 -142-30--71- 101 -151-52-11-3- 

4350 252 64 322 356 343 372 351 247 . 

—4350 -36-5---40- 350 - 366 -365- 20 -1-53- 7-11 - 

4370 65 105 151 112 145 360 1 152 

— 444 OO-105-55-2-25- 336 -5-3-5-1- 1-2 - 6 - 

4410 350 336 141 17 101 351 352 206 

—44 20 -165--3 60 - 7 --14-3- 350 - 3 03--1-53- -360 -— 

4430 1 152 17 113 230 21 11 101 

—444 0 - -31 - 20 -144-147- 360 -120- 30 - 66 - 

4450 266 210 44 24 24 54 54 244 

—44-60- 206 —- 7-6 -350-- 21-0 - 1-10 - 50 - 210 -74- 

4470 150 360 2 3 113 355 366 316 

— 45 OO-1-10-704-14-5-74-35-46-101-0- 

4510 104 65 74 26 _ 113 50 330 163 

- 4-520 -50——330-130-50——330-1-57——351-16-3-- 

4530 105 147 5 351 146 360 0 144 

- 454-0 -1-46- 363 -7-3-104- 0 - 360 - 0 - 

4550 363 5 3 43 3 351 135 * 107 

- 4560 -75-21-5-135-104-355- -366 - 5 -331-^— 

4570 230 ' 147 11 360 1 331 200 ' 40 

-4500-1-53——107- 0 -§-354- 2-30 - 744 - 360 - 

4610 3 * 7 360 4 153 360 0 363 

-4520- 3 -331-1-43-747- 360 - 2 --351- 200 -- 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESC. (Cont.) 

4630 366 11 350 0 141 360 0 363 

-4440--4-3-43-3-2-3-104-O-152- 

4650 364 0 360 3 153 112 340 215 

-4650-55-335-300- 444 -112-142-404-152- 

4670 360 2 153 364 0 102 340 221 

- H 7 -QQ - 1_56 - 442 - 444 - 440 - 452 - 401 - 351- - 346 _ 

4710 141 360 22 76 236 ' 325 146 147 

-11720-440-142-404- 450 - —0- -102-3 51-346_ 

4730 22222222 

-4740-2-2-3-54-340-350-—34-—3 50-43- 

__4750 350 ' _ 61 350_ 67 - - 350 360 350 364 . 

-4-7-6Q-—354-j-26—-351—-77-3-54—444--3-54-466- 

4770 354 203 351 223 351 234 351 260 

-5000-44-44-44-44-44-44--44-44- 

5010 44 44 44 44 44 * 44 44 44 

—-5020-44-44--4-4-44-44-44-44-4 4- 

5030 44 44 44 44 44 44 44 44 

5040 44 44 44 44 44 44 - 44 -44- 

5050 44 44 44 44 44 44 44 44 

-506O-44-44-44-46-44-44-44-44- 

cn'rn ilil ilil it4 it 4 It ll il4 il4 K 

-5600—-355-166-HO--50-2-2-0-22-4-50-220- 

5110 216 50 220 207 234 162 367 125 

-512 0-3.-04-64-64-64-64-104-20-7-7- 

5130 324 135 360 62 77 107 142 144 

—5-1-4 0-257-520-20-220-321-3 60 --1-10-7-4- 

5150 244 257 54 54 224 323 20 74 

-5160--214-324-367--HO-35-2-322--360-104- 

5170 74 204 202 360 3 150 20 363 

-5200--5-3-360-9-144-443-0-204- 

5210 202 360 2 150 352 202 224 202 

-5-220-360--1-150-146-2-24-232-404-66- 

5230 352 202 10* 363 1 3 17 10 

-5240-10-40-360-6-363-4-3-3- 

rocn o 3 on Kn o££ 360 

—5260 - -25 - 72 - 24-2 - 333 - 222 - 305 - ^52 - 52 - 

5270 52 242 322 360 47 72 222 322 

-53OO-- 52 222 -322-352-323-36-1-25-HO 

5310 71 201 322 366 0 367 121 354 

—5320-3-45-45-4-5--303-65-230-272- 

5330 55 235 347 55 235 23 55 235 

— 53 hq -2-4-2-3 60-4- 75 -255- 5 -235-325 

5350 75 255 321 235 333 55 235 303 

—5360-360-2- 3 -3-17-56-IO-206 

5370 366 360 4 363 5 3 360 2 

—5400-—3-3-3-05-2-3-26-105-67-360 

5410 110 77 217 321 110 147 366 231 

—5-420-36——354-3-354-0-370-21--2t 

5430 21 21 21 27 167 226 152 373 

—5 i t 4 0-146-46-147--1-3 0-6 6-121-170-202 

5450 371 205 142 203 163 162 163 30 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESC. (Cont.) 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 MACRO ROM LISTING WITH DESC. (Cont.) 


6300 

6310 

WO" 

6330 

~63'4Cr 

6350 

~63W 

6370 

- 6 7 J00~ 

6^410 

TW20 

6430 

W 

6450 

"6460“ 

6470 


6510 


~TT2T 

.166 


141 

—2 XT 
3 

—4tr 
- 37 
7T 
47 


u 

101 


04 

71 



6/15/73 














FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.3 

MACRO ROM 

LISTING 

WITH DESC. 

(Cont.) 





71 4 0 

T*16 

20 

50 

50 

240~~ 

152 

3'66 

T 2 

7150 

350 

0 

366 

62 

107 

30 

66 

355 

•7160 

37T~ 

■" 101 " 

153 

5 

- 355 - 

171 

6 

~3T6~ 

7170 

261 

112 

50 

220 

211 

35 

35 

47 

7200 

*17 

• 105 

67 

107 

152 

17 

101 

351 

_72io 

352 

105 

146 

107 

50 

220 

261 

17 

7220 

10 

10 

360 

5 

313 

3 

3 

50 

7230 

*13 

3 

40 

363 

1 

3 

23 

3 

7240 

. 50 

“363 

3 

3 

327 

“256 

40 

T4~3 

7250 

3 

3 

50 

363 

2 

3 

360 

2 

7260 

3 

113 

141 

142 

37>3 

0 

105 

30 

7270 

*10 

153 

355 

374 

2 

2 

2 

2 

7300 

2 

5 

341 

376 

T53 

3F0 

0 

-14 5 

7310 

1*17 

6 

360 

1 

152 

20 

363 

6 

7320 

3 

23 

“""113 

= 11 

301 

327 

43 

21 

7330 

360 

3 

71 

360 

21 

30 

71 

41 

• 73^0 

26 

' 241 

337 

360 

5 

66 

26 

106 ~ 

7350 

141 

20 

20 

20 

220 

363 

361 

20 

7360 

31 

31 

51 

217 

10 

20 

20 

20 

7370 

146 

220 

376 

20 

230 

23 

333 

1 

7^00 

*13 

43 

101 

40 

147 

110 

356 . 

323 

7*110 

57 

107 

30 

30 

30 

61 

101 

146 

7*120 

36 

103 

141 

6 

357 

30 

357 

364 

7*130 

55 

255 

366 

55 

255 

370 

55 

255 

fH*To 

372 

55 

255 

374 

357 

376“ 

365 

7 

7*150 

55 

255 

111 

106 

26 

330 

340 

50 

7^60 

330 

342 

50 

330 

344 

50 

330 

347T 

7*»70 

50 

330 

350 

50 

330 

352 

50 

330 

7500 

354 

•50 

330 

356 

50 

330 

360 

357 

7510 

362 

112 

230 

120 

20 

363 

5 

3 

7520 

113 

355 

360 

2 

2 

2 

2 

2 

7530 

2 

2 

Z 

2 

2 

2 

2 

2 

75*10 

2 

2 

2 

2 

2 

2 

2 

2 

7550 

2 

2 

2 

2 

2 

2 

2 

2 

7560 

. 2 

2 

2 

2 

2 

2 

2 

2 

757P 

2 

2 

2 

2 

2 

2 

2 

2 

7600 

2 

2 

2 

2 

2 

2 

2 

2 

7610 

2 

2 

2 

2 

2 

2 

2 

2 

7 £20 

2 

2 

2 

9 2 ’ 

2 

2 

2 

2 

7630 

a 

<r\ 

c. 

2 

2 

2 

2 

0 

2 

76*10 

2 

2 

2 

2 

2 

2 

2 

2 

7650 

2 

2 

2 

2 

2 

2 

2 

2 

. 7660 

2 

2 

2 

2 

2 

2 

2. 

2 

7670 

2 

2 

2 

• 2 

2 

2 

2 

2 

7706 

2 

2 

2 

2 

2 

2 

2. 

2 

7710 

2 - 

2 

2 

2 

2 

2 

2 

2 

7720 

2 

2 

2 

2 

2 

2 

2 

2 

7730 

2 

2 

2 

2- 

2 

2 

356 

301 

77*10 

357 

50 

357 

50 

357 

50 

357 

50 

7750 

357 

50 

357 

50 

357 

50 

357 

50 

7760 

357 

50 

357 

50 

357 

23 

357 

46 

7770 

_ 357 

46 

357 

46 

.357. 

46 

35J_ 

46 - 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING (000-777s) 


338 

GOTO 29 '/os hf 




2 GOTO 12 /osb'f ■ 

U«v)f A c tC. 

_ 

-..i-hfl 


4 GOTO I63/ 1 000 • 


\l SUB-ROUTINES 


6 GOTO .67 (o> hi 3 
• 

* 

1 J •wouifW 

; 

w 

r~ 


10 


12 GOTO 63/ob?f 




^ • 


a 


1* GOTO 22/7733 -• 1 ■■ •; C \ 

16 GOTO 235~/o~? 5 L- 

20 GOTO 20Q /o l/L 0, 

22 GOTO 201 /O l if | - 

2*J GOTO 202 /oZ/0 Z ' 

26 GOTO 203 /$7oJ 3 

. on- 


'30 GOTO 20 k/0}o{, /f 

- u. - 

32 GOTO 205 /a ~o<~ 5 
3^ GOTO 206 <£> 


\f$o 

Z °b 


n 

1 


JO GOIO 2U (JOS-O-j 

40 GOTO 208 3 


0 o 42' GOTO 209/4/6 / 3 


44 GOTO 210/1 77,6 

-7 -~— “— - 

46 GOTO 101 / 

50 GOTO 24c/y?7'</ 


~"CT J>£ c_(_) 

STO<?> 




52 GOTO 188/5 iio EUT 


5^ GOTO l89/>2 37- AA.C 

- _ 


«■ 1 t 

j._V. 

fcUS.C 


56 GOTO 190/7?'^ I^UML ( )C ) 




60 GOTO 19 y&l'fl' SToVee (. ) (.') 


r*' 


<;t Y:^ 


62 GOTO 192 A CC\) w\ «$~y 0)16 t ) L *) 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 



4-2.4 MACRO ROM LISTING - 000-777 g (Cont.) 


1 


GOTO 

193/01?° 


\ 

' 66 

GOTO 

i94,/;l^ • 

V~ 

f 

70 

GOTO 

195 


•w*0c 

t 

v- < / 

72 

GOTO 

196/0 > 60 

C\\0r SUiJ 

pt 

\ ' 

** ’ 7k 

GOTO 

197/0 V' ^ 

IMT 6 € 


76 

GOTO 

182/ 

To ■pOl.fvi' 


100 

GOTO 

I99// 7 ?/ 

- r __ - .. - - 1 


102 

GOTO 

211/ofa 

Voo 


104 

GOTO 

212 /" OV ^ 

l/x 


’ 106 

GOTO 

213/ 

141* 


110 

GOTO 

214 /olK 

"SuO 


112 

GOTO 

215 /<?2.W 

co s 


in 

GOTO 

216 /lor, & 

T (\ KJ 


116 

GOTO 

217 /o*/76 

L06-\x| 


120 

GOTO 

218 />7?4 

uj 1_ 


122 

GOTO 

51 //77£ 

+ 333 


124 

GOTO 

9k/z.71 K i 

ui\K\ 

- 

126 

GOTO 

Ik^/y'rry " 

, (S» 

0 


130 

GOTO 

146 />77^ 

V / 

A* 


132 

GOTO 

32 / 17 1 0 

e* 


134 

GOTO 

180 / 97 

TO V^€ 

C T 

^ k^ 136 

GOTO 

250 /p’blTs 



4 1 

GOTO 

251 / oioJ 

ft At 


142 

GOTO 

409/ 7 7 ?b 

clcao.' 

6-AJT a 2- v / 

144 

e 

GOTO 

244 /t; 

f £jr\) T 

* 

146 

GOTO 

245 / ^ 7 iyO 


C ^ 1 

- l 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-777g (Cont.) 

/,///£ fi*-* 


L_i.i50 GOTO_ _ uwf 

_152 GOTO 238 / (17^ CxO i d ( ) ( ) 


• _,_,15^ GOTO 236_/_y;7 ^ : \ v$a L ) o 

• _.^.56 GQTO 187 / 0 Jy f CL it /i 

l60 HALT . . S T A 


161 HALT ' . ' 

162 halt Otr^ 

163 HALT _ - 

I6ji GOTO 321/70 ![, r 

166 GOTO ' 21^/0 > 3^2 ^ P ^ f ) 

170 HALT * \ v • 


— 4 - 



HALT 

GOTO 3 1 !! /0*i'l l 

goto 232 /yivj ■ 'pmoc- coo-e cJ O 

HALT ^ 

HALT 


) _ 


.209 

20 ; 8 

'207 

206 

205 

204 

203' 

202 

201 ' 
*s r\ n. 
C. <* 


'2TT 


+DEL- - A\" ( -- 

+del 4* 

+DEL“4 ---- 

tDEL i) 

4-DEL - 4- 

■fDEL -4 

+DEir~,4 : 

4-DEL 4 

+ DEL“'4:r“ " 

c Tone 1 

r: r’ >w _r^ a> _, u_*. 

bU 10 i JO/ 0 | o ' 


M rzy 


. A .. rt 

^ ~y*. «>_ I 


'215 

217 


'IT T0“7 
goto 76 


215 


221 

"223 


02 TO 7 
GOTO 76' 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-7778 (Cont.) 
101-225 03~TO~6- 

3 _227 HALT__ 

l88t§2joJ 10 TO 6 

4 - 232 LEFT-6- 

233 +DEL 6 

23 4 0 0~TO"5 
236 HALT 


189 237 01 TO 4 

24i HALT- 

191 242 02 TO"6 

244 HALT 


192 245 22 TO 6 

247 HALT-'- 

"*193 250 STORE'2 

251 BRANCH TO 337 IF #7 ENTIRE=0 

253 +DEL 7 -.- 

254 GOTO 248 

194 256 STORE 2 

257 store~7-:— 

260 00 TO 4 
*262 GOTO *50 

-I 95 -- 264 STORE 10 --- 

265 3141592653590100 TO 0 
' 276 GOTO 249 - -- 

"I 96 "300 GOSUB UNPACK ' 

301 00' TO 3 

303 BRANCH TO 26 IF #1" LSD^O 
305 +OEL 3 

26 306 RIGHT 1 “ 

307 BRANCH TO 381 IF #7 ENTIRES 

311 STORE 6 * 

312 01 TO 0 

" 314 STORE "12--- 

315 load 6 

3!6 GOTO 169 ~ 

~~3'8T"~3 2 0~G 0 TO "9 

"X 97 —322" GOSUB'UNPACK --* 

323 STORE 2 

324 00 TO * 3* 

326 BRANCH TO 27 IF #1 LSD=0 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-777 8 (Cont.) 

27 331 right 1 , ^ 

- 332 - 1I - TO - r - -- - - ; r ~ ~ - 

33ft LEFT 4 
. 335 03 TO 0 

; i 337 ADD ft 

3ft 0 LOAD 1 *' " ~“ 

3ftl SUB ft 

28 3 ft 2 + DE L i 
3^43 “DEL ft 
3ft ft RIGHT 2 

3*15 BRANCH TO 28 IF #ft MSD = 0 

3ft 7 LOAD 2 ‘ " “ ■' 7 

_ 3J50__goto_ 169__•_ _._ 

vr 


250 

252 


251 _ft03 00 TO 3 

4 05 goto 252 “ “ “ 7 

"ft 0~7 ft 07 ‘ BR AN CH ‘ TO 33 7 'TO 7 ENTIRE = 0 
_ftll LOAD 10 

ftl2 STORE 2 T : 

_ftl3' 03 TO 0 
ftl5 OUTPUT 
ftl6 RIGHT 0 

”“ftl7 STORE 10" * • - 

_ ft20 LOAD 2 

337" ft21 GOTO 17 ~ 

3 ft 1 "” ft 23"0 2 TO "0 
__ ft25 OUTPUT 

ft26 RIGHT 0 ' ------ 

__ft27 STORE 10 

ft 30 GOTO 17 


366 STORE 10 

367 STORE 2 
370 GOTO l6- 

372 Oft TO 3 ~~ 
37ft STORE 1 
375 00 TO 0 
377 output * 

ft 00 LOAD 1 
It 01 GOTO 1-7 


T>"7Tf 


21 


352 02 TO 0 A 
■ 35 ft"STORE IT 


’/iJi.wJEz'k. 


Li-'- 




T87" 


.355 right p_) _ 

356 Oft TO 3 r 1 IT 

36 O OUTPUT t-ftrHT 

~3ol"01"TO - 'u ' : ‘ ~ 

363 STORE 7 
36 ft STORE "3 
365 RIGHT 0 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-777 8 (Cont.) 


I A O'- 


181 Jl4l STORE 1 =-^— 

442 LOAD 2 
M3 STORE 10 " 

4M 01 TO 0 
M 6 STORE 13 
M7 LOAD 1 

"■Ji50 GOTO " ' 

21252' 1000000000000100' TO~~2 

_ 63 01 to_4_ 

465 store 7 

466 BRANCH TO 33_I F _ ENTIRE#0_ 

1170 08 TO 6 ‘ 

..572. GOTO._1_ 

_ 35_57 5.50 T 0_50_ 4 _ 

217 476 10 TO 3 

500 GOTO 95 

211 502 GOSUB UNPACK "" ' 

_1503 STORE_2_ 

504 RIGHT 1 

__ _ 505 RIGHT 2___ 

506 LOAD I . 

507 STORE M 

"510 add i~: ~ ~ ----- - 

_511 LOAD 1__ 

512 ADD *T 

513 ADD 4 _ _ _ __ 

514 05 TO 0 

_516 BRANCH. JO... 66__I.F_J_4__LS_D=_0_ 

520 SUB 4 

_521_LEFT_2_ 

66 522 LEFT 0 

523 RIGHT 4_ 

524 ADD 4 

_525 LOAD 2 _ _ __ 

' 526 GOSUB SQUARE ROOT 
_ 527 STORE 2__ 

530 LOAD 4 

531 STORE 1__ __ 

532 LOAD 2 

_ 533 GOTO. I 69 _... 

29 535 LOAD 6 _ KZirJT' _ 

536 STORE 1 


213 432 STORE 2 

433 LOAD 10 

434 BRANCH TO lSl'l'F HO ENT I RE/O 


436 STORE 10 

437 GOTO 249 


ti *\ r* Jit oU A. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-777 8 (Cont.) 

■__1,537 RIGHT 0 

. 540 STORE 6 

________54l left 0_ 

542 SOB 1 

__ 543 Load l ____________ 

544 STORE 2 

_5^5 07 TO 3_____ 

v 5117 06 TO 4 

_551 .08 TO 0__ _• _•__..... 

553 sub 1 

__ 554 BRANCH..TO_3Q_J.F_J1_ MSD=0 

556 ADD 1 

557. +DEL 4 __ 

30 560 LOAD 1 

_ 561 SU3 3 ___ 

562 LOAD 4” 

563 OUTPUT _ _ 

564 RETURN 

72 565 ” STORE 1 UfJ S/% 


566 RIGHT 0 _ 020 

567 RIGHT 0 " 

570 RIGHT 0_ 

571 LEFT 6 obO 

572 LEFT 0 ___ _____ _ __ 

573 STORE 6 • 


_ 574 LEFT 0 _ _ 

575 SUB 1 

_576..LEFT .1 _ _ _ 

577 +DEL 1 

_ 600 20 TO 0__ _ 1 _ 

602 LEFT 0 

_ ...603 „ LEFT. .0 _ 

604 SUB 1 

- 605 BRANCH TO 73 IF % 1 MSP = 0 

607 ADD 1 

_6lQ_-DEL 1___ 

^73 611 LOAD 6 . 

_612__RE_TURN_ _ _ 

_67_613_10_T0 2 _ - 

68 615 LEFT 2 

_6l6._ BRANCH. JO__68„IF_i2_MSD=0 

620 ADD 2 

_6 21 _ LOAD 1___ 

622" 00 TO 1 

__6.9_ 62 4_.BRANCH TO 70 IF # 2 L SD=0 

626 ADD 1 

_627-rDEL._2L_ 

630 GOTO 69 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-777 8 (Cont.) 


70 632 BRANCH TO 71 IF #2 ENTIRE=0 

_63*L_RIGHT_1_*. 

635 right 2 

_63 6., GOTO_.6.9._ 

__7X-.6IJ0._SUB -1___ 

6^41 LOAD 1 

_6.42_REIURN_ 

.109—-6iJ3--10._TO._2._ 

645 GOTO 111 


110 647 SUB 1 

_650 -BRANCH _T0_..113_ I F..J 1_.MSD=0_ 

652 BRANCH TO 114 IF #2 MSD#0 

_ 654 ADD 1__ 

655 LEFT 1 

_ 656 LEFT 2 __ 

111 657 BRANCH TO 110 IF #1 MSD=0 

112 661 SUB 1 ..— - 

662 BRANCH TO 113 IF #1 MSD=0 

_664 +DEL 2_1__ 

665 GOTO 112 . 

113 667 +DEL 2 

_670. GOTO_110____ 

114 .672. LEFT 2___ 

673 LOAD 2 

_674 RETURN___ 

63 675 STO^F .2. — ------ ' 

676 RIGHT 2 

_677- 10 TO . Q-1—- T - 

701 STORE 3 

__ 702 LEFT 3_ 

64 703 LEFT 3 

_ 704 -DEL 0 ------ 

705 BRANCH TO 64 IF SO ENTIRE#0 

_707 STORE 1___ 

65 710 SUB 2 

-711-LOAD .3_I_•___. 

712 ADD 1 

-713 LOAD-J__ 

714 SUB 2 ' 

_715 BRANCH'.TO—65~IF__82._MSD.=0__ 

717 ADD 2' 

__720 LOAD-3._ 

721 SUB 1 

- 722 LOAD-J_:___1_ 

723 ADD 2 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 000-777 g (Cont.) 

- -724 RIGHT 3_------ 

725 LEFT 2 

_726 BRANCH ,T0___.65-IF_._.#3.. ENTIRE|£0__ 

730 LEFT 0 

731 LEFT *0 . __ _..._- 

732 RETURN 


22 733 BRANCH TO 23 IF #3 LSD=0 

_735 00 TO 0_____, 

737 RETURN 

23 7^0 BRANCH TO 25 IF #5 ENTIRE#0 
-7*12 BRANCH Ta—24--IF-87-LSD=0-I— 

744 STORE 2 

-7145 GOTO - 25-- 



235 -752 01 TO—0— 
754 STORE 3 

-1-755 OUTPUT- 

756 04 TO 0 

-760 OUTPUT - 

761 OUTPUT 
- 762 - RETURN—- 


-_763- 

764 

-— 765 —-- 

766 

-767- 

770 

---771- 

772 

-—773- 

774 

- 775 -- 

243 776 GOTO 407 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-1777g (Cont.) 


163 

1000 

1002 

1003 

BRANCH TO 

165 

IF 

#0 

ENTIRES 


STORE 1 ' 
RETURN 





164 

1004 

-DEL 1 





165 

1005 

1006 

LEFT"0 ,~ 

BRANCH TO 

164 

IF 

*0 

MSD=0 


1010 

1011 

RIGHT 0 

50 TO 2 






1013 

1014 
1016 
1017 

ADD 2 
BRANCH TO 

166 

IF 

#2 

MSD=0 

"166 

RIGHT 2 " 

+DEL 1 





1020 

1021 

RIGHT 2 
RIGHT 2 






'1022 

1023 

1024 

1025 

LEFT 2 
LEFT 2 






LEFT“2 
BRANCH TO 

168 

IF 

#1 

MSD^O 


1027 

1030 

♦ DEL 1 

20 TO 0 






1032 

LEFT 0" 






^167 1042 
1043 
-muii 


1033 SUB 1 

1034 BRANCH TO 276~IF *1 MSD=0~ 

1036 ADD 1 

1037 BRANCH TO 167'TF «3“'LSD=0 
1041 ADD 1 

LOAD" 2 
ADD 1 

I O AD X - 


s a li r 

jLV> 'J 


168 1046 00 TO 0 
1050 STORE"!' 
. 1051 RETURN 


—i- 


276 1052 07 TO 6 
1054 GOTO" "1 


I. '■— 


'342' 1056 GOSUB PACK' 
1057 GOTO 249 


343 1061 GOSUB UNPACK 
' " " 1062 STORE 3 

1063 LOAD 1 

1064 STORE 4 

1065 STORE 5 

1066 RIGHT'4 

1067 LOAD 3 

1070 STORE 1 " 


1071 0230258509299405 TO 0 
1102 GOSUB DIVIDE .... 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-1777 8 (Cont.) 

1103 BRANCH TO 35 IF #2 MSD*0 

- 1105 LEFT 2 

1106 -DEL 4 

"35 1107 10 TO 0 " " 

1111 LEFT 0 

1112 STORE 6 "" 

1113 +DEL 0 

-mil +DEL 0 ~ — 

1115 SUB 

1116 BRANCH TO' 33 IF «4 MSD=0 
36 1120 RIGHT 2 

”” 1121 +DEL 4 -- 

1122 BRANCH TO 36 IF «4 MSD*0 

1124 LOAD 2 

1125 LEFT 0 

1126 LEFT O' 

1127 LEFT 0 

1130 RIGHTO” 

1131 STORE 7 ' 

1132 RIGHT 0 — 

1133 RIGHT 0 

1134 SUB 2 

1135 13 TO 0 

'"37'‘1137'-DEC 0 ~ — 

_1140 RIGHT 2 

“ '1141 BRANCH TO 37 IF '$0~ENTIRE*0 

1143 load 2 

1144 ADD 6~ 

lliJ5 BRANCH TO 39 IF #5 LSD=0 
11^7 SUB 6 " ~ '' " "" 

1150 SUB 6 

1151 -DEL 6 

1152 10 TO 0 

""38 115*1 LEFT O ' " " ” "" 

1155 BRANCH TO 38 IF #0 MSD=0 
1157 SUB 7 
1160 LOAD 7 

.1161 00 TO"7 

1163 SUB 7 

39 1164 LEFT '6'" 

1165 LOAD 7 

-- n 1 CC A 

XA.H-'W / I w 

116? BRANCH TO 40 IF 17 MSD^Q 

1171 +DEL' "6 

1172 LEFT 7 

1173 RIGHT 7'“" 

40 1174 LOAD 7 

"• 1175 STORE 1 

1176 GOSUB MULTIPLY 

1177 RIGHT 0 ~ 

1200 STORE 5 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-17778 (Cont.) 

1201 RIGHT 0 

1202 STORE 1 

1203 08^7836959839180"WO'TvJ' 

1214 ADD 1 

1215 load 5 

1216 GOSUB MULTIPLY 

1217 0575873587931610 TO’O 

1230 ADD 1 

1231 LOAD 1 

1232 STORE 4 

1233 STORE 3' 

1234 LOAD 5 

1235 STORE 1 "" 

1236 0003816548819161 TO 0 
1247 GOSUB MULT I PLY- 

1250 0121892417408701 TO 0 

1261 ADD 1 

1262 LOAD 5 

1263 GOSUB MULTIPLY 

1264 0331499484753236 TO 0 
1275 ADD 1 

1376 LOAD 7 _ • 

1277 GOSUB MULTIPLY ~ 

1300 SUB 4 _ _ 

1301 LOAD 3 ~ 

_1302 ADD 1 

1303 LOAD 4" 

1304 GOSUB DIVIDE 

1305 RIGHT 2 

___ 1306 BRANCH TO 4l IF It 6 LSD=0 

1310 LOAD 2 

1311 STORE 1 

1312 0316227766016838 TOO 
1323 GOSUB DIVIDE 

41 1324 00 TO 3 

1326 LOAD 6 

1 327 RIGHT 0 
1330 STORE 1 

"I 33 I LOAD 2 ~ 

1 332 GO TO 169 _ 

33 1334 BRANCH TO 31 IF #5 LSD=0 

"1336 00 to 0 . ' " : 

_13 40 GOTO 2 49_ 

31 1342 01 TO_6_ 

1344 GOTO 1 

344 1346"10 TO 7 

_1350 GOSUB UNPACK_ 

■* nr*> e\ V t •"*» A 
X 3 'j X muii » \j 

_ _1352 STORE 3 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-17778 (Cont.) 

1353 branch to WTf~sTTsd^O 
_1355..+DEL.2___;__ 

I. ^ ^ r r% t r> i »*r > 1 

IC M^rn a. 

__ 1357 load 1 

1360 STORE 5 * 

_1361 LOAD 10_ _ 

1362 GOSUB UNPACK 

_1363. RIGHT 0__ 

1364 LEFT 7 

_1365 BRANCH TO_4.3 J_F_J1_ L_Sp_=0__ 

1367 +DEL 7 

_43_1870 STORE.6_ 

1371 RIGHT 1 

1372 LOAD 1 

1373 STORE 4 

1374 LOAD 5___ 

1375 SUB 1 

1376 BRANCH TO *1 5 I F 3 1 MSD^O 
ill} 1- DO RIGHT 3 

14 01 -DEL 1 

1402 BRANCH TO 44 IF 31 MSD~0 

1404 LEFT 3 _ _ 

1405 GOTO 46 
45 1407 +DEL 1 

O ... 2410 RIGHT 6 _ 1 ... 

1411 BRANCH TO 45 IF *1 MSD*0 - 

1413 LOAD 5 .. __ _ _ 

C 1414 STORE 4 

_46 1415 LOAD 6 _ ' __ 

1416 STORE 1 

01 _ . 1417 load 3 __ 

1420 SUB 1 
>._1421 ADD 6 

C 1422 BRANCH TO 304 IF "36 ENTI RE=0 

r._ 1424 LEFT 7 . _ _ _ 

1425 BRANCH TO 47 IF 31 MSD=0 

C-__ 1427 +DEL . 7.„ __ 

1430 LOAD 1 

,_ 1431 00 TO 1_ 

o* 1433 SUB 1 

47 1434 LOAD 6 

1435 GOSUB DIVIDE 

C_ 1^36 STORE 5 _ _ 

1437 STORE 1 

-_ 1440 GOSUB MULTIPLY_ 

Q 1441 10 TO 0 

._48 1443 LEFT 0___ _ 

1444 BRANCH TO 48 IF 30 MSD=0 
O- 1446 ADD 1 _ 

1447 RIGHT 1 

1450 LOAD 1 __ 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-1777g (Cont.) 


o 


© 


1451 
_1452 

1453 

1454 

1455 
_ 1456 

1457 
_1460 

1461 

1462 

1463 

1464 

1465 
__ 1466 

1467 
_1470 

1471 

1472 

1473 

1474 
304.1478 

1500 


ADD 1 

ADD 1_ 

ADD 1 

ADD 1_ 

LOAD 1 

GOSUB SQUARE..ROOT 
STORE 1 

LOAD 6. __ 

GOSUB MULTIPLY 

LEFT 0_ 

STORE 2 

LOAD 4 . _ 

STORE 1 

LOAD 2 _ 

GOSUB PACK 

STORE 12_ 

STORE 10 
LOAD 5 _ 

STORE 6 
GOTO 127 
10 TO 6 
GOTO I 


p49 1502 




1503 

1504 

1505 

1506 





LOAD 4 

SUB 4_^__,_ 

ADD 6 - b 

LOAD 1-- 

Yt-k> /I b -V \ 


+ DEL 6 


345 1510 

346 1512 
_1513 

1515 

_ 1516 

1517 

^-_1520 
1522 
_1523 

1524 

1525 
1527 
1530 

1532 

1533 





1536 
1540 
^53 1541 

1542 

1543 


10 TO 

STORE 1 rto-* rZ\ /¥i 

10 TO 0_1q —d __ 

LEFT 0 O,o=.\ OO 0 

BRANCH_TQ_49_IF #6 ENTIR E=0 yM . 

LOAD 1 AS?/ 

GOSUB UNPACK,_j£L_22__4iL£_4_ Jllj- _ 

STORE 7 

BRANCH TO _ 52_.IF_ #4. .ENTIRE=_0_____ 

-DEL 1 . 

BRANCH TO.. 52 IF til LSD-0 ' '__ 

+DEL 1 

•f DEL 1 ____ 

00 rn 3 

BRANCiriO 53 IF *1 LSD-0 _ _I. 

LOAD 1_J^3.iLiLj5k_ 

RIGHT 0 . . 

STORE 5 . .... 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-1777g (Cont.) 


IF #1 LSD=0 


3<L 


JL544 LOAD 10 
.1545 GOSUB UNPACK 
'1546 BRANCH TO 54 
1550 +DEL 3 
1551 +DEL 3 

1552 STORE 6.___ 

1553 LOAD 13 

1554 I BRANCH TO 234 IF #0 LSDj*0 
1556 LOAD 4 


. 1557 STORE .10. 


££34 1560 LOAD 1 

__1561 RIGHT 0__ 

• 1562 STORE 4 

__ ..1563 SUB 5_ __ 

1564 RIGHT 7 

1565 BRANCH T O 56 IF 45 MSD=0_ 
1567 +DEL 5 


55 

t 

r 

aJ 

^-s6. 




1573 
...1574 
1575 
1577 
1600 
JL601 

1603 

1604 


-DEL.5_ 

+ DEL 4 

RIGHT 6_ 

BRANCH TO 

LOAD 3 _ 

-DEL 0 
B RANCH. T0_ 
-DEL 0 
-DEL .0_ 


56 IF 85 MSD=0 


.5 8__lF__i0 _ MS D# 0. 


-a 


1605 

14—16 07- 
1610 
1612 
1^58 1613 

1614 

1615 
1617 
1620 

—1622 
1623 
— 1624 


BRANCH TO 

.LOAD .7-_ 

00 TO 7 

.SUB..7_ 

LOAD 7 
ADD .6_ 


58 IF «C M5D=0 



BRANCH TO 

LOAD-6_ 

00 TO 6 

SUB 6 - _ 

-DEL 3 
-DEL.. 3_ 


59 IF #6 MSD=0 


62 IF 43 MSD#0 


'59 1625 
_—1627 
1630 

— 1631 
1633 

60-1635 

1636 

_1637- load 13___ 

1640 

— 1641 
1642 


BRANCH TO 
-DEL-3 
-DEL 3 

BRANCH . TO_62_.I F..J3-MSD=0 

00 TO 3 
LOAD 4--<^: 

STORE 1 


STORE 4 

LOAD.6_ 

GOSUB PACK 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-1777g (Cont.) 


-1043 BRANCH-TO¬ 
WS STORE 1 

1646 LOAD 10- 

1647 STORE 2 

1650 LOAD 12 .. 

1651 STORE 10 

-3652 LOAD 13- 

1653 right 0 

165 1 ! STORE 5— 
1655 00 TO 3 
16 57 0 0 TO 7 
(l'66l GOTO nr 
.. . 

~^61 1663 SKIP IF 1 
-- -- 1664 GOTO 278 


/*<! * •* I* It » <* »S 

-OJL.-JU :—uou 


~~ A 


IN FLIP FLOP 


- 1666 SKIP IF 1 IN FLIP. FLOP. 
1667 GOTO 17 


278 1671 

-1672 

1673 

_ 1674 

1675 

-... 1676 

1700 

— -. 1701 

1702 

-1703 

3.704 

-1705- 

1707 

-1710 

1711 

..r—-rr- 1713 

L 1715 
—233 1716 
1717 

-1720 

_—1721 

---1723 



STORE 13 

LOAD 10--- 

STORE 4 

LOAD 12--- 

STORE 1 

00 TO 0--- 

STORE 10 

+ DEL 0_1-— 

STORE 12 / v . vr 

OUTPUT (\ L_jO_ ' ^ Z l. _: 

CTHPF Q 

04 to • 0 A CJz ___ 

OUTPUT ^ 

STORE 3-- 
06 TO 0 


'-64- 


branch TO 233 -IF—#4 ENT1RE=0_. 
-DEL 3 , . l 

OUTPUT—(4 V)_7 

LOAD 1 ' 

-DEL 1- 

BRANCH TO 
GOTO 255- 


280 IF #1 ENTIRE=0 


>&. 280 1725 02 TO O_... 

1727 OUTPUT [2/-) 

■30~J.Q AD 13 - 

1731 goto 17 ^ 



C A i' ^ ^ 




62 1733 01 TO 3 <1 

-1735 GOTO—60. 



1737 

1740 


L O \ —- 
S T 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 1000-1777 8 (Cont.) 


-17141- 

1742 

--1743. 

1744 

--—1745 

~OT6" 

-1747 

' 175P 

--—1751- 
1752 
-—-1753 
1754 

-1755- 

1756 

-1757 

1760 
—-1761 
1762 
—— 1763 

1764 
- 1765 
169 1766 


-./vn \\ la__ 

/C - r%. 

V-r t> | fjl 

- k£3 W-- 

STM - 
»-v> )> 

ST 2 - - 

UP 2-, r*. 
:? ACK." 
s-r 1 u* 
VO 
Sr 3 

t'lJ, .WRWWtV' i i , 

OO ' ~ 

i. D 7 — 


GOTO 342 


32 1770 GOTO 343 

198 1772 GOTO 344 

199 1774 GOTO 345 


1776 GOTO 346 7 /£ / V-" 


? 2000,2777 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 2000-2777g 

216 2000 30 TO 7 

--76 2002-BRANCH TO —77—1F-#4-LSD=0- 

2004 GOTO 116 


77 2006 RIGHT J 

- 2007 GOSUB UNPACK- 

2010 BRANCH TO 78 IF #7 LSD*0 

-2012 RIGHT 1---- 

2013 LEFT 1 

—-78 2014 STORE 5--- 

2015 00 TO 3 

- 2017 BRANCH TO—79 IF-#lLSD=0- 

2021 4-DEL 3 

—79 2022 RIGHT 1- 

2023 LOAD 1 

-2024 STORE 4- 

2025 LOAD 5 

-2026 STORE 1--- — - 

2027 0628318530717959 TO 0 

- 2040 SKIP IF 1 IN FLIP-FLOP 84-- 

2041 GOTO 81 

2043 36 TO 0 

-80 2045 LEFT 0-: 

2046 BRANCH TO 80 IF 80 MSD=0 

-2050 RIGHT 0-t- 

2051 “DEL 4 

-2052 -DEL 4--- 

81 2053 GOSUB DIVIDE 

A r !• 1 A *rrv A 

C\J J~\ XU 'Ivy yj -r-~-—■— 

2056 LEFT 0 

-2057 +DEL 0------ 

2060 SUB 4 

-—82 2061 RIGHT 2--- 

2062 4-DEL 4 

--— 2063 BRANCH TO- 82-1F- #4 -MSD^O- 

2065 LEFT 2 

-83 2066 LEFT 2- 

2067 “DEL 4 

-2070 BRANCH TO- 83 IF 84-MSD=0- 

2072 25 TO 0 

-84 2074 LEFT 0- 

2075 BRANCH TO 84 IF 80 MSD=0 

-2077 BRANCH TO- 85 IF «7 LSD*0-—-- 

2101 4-DEL 7 

-2102 ADD 2--———- 

85 2103 RIGHT 2 

-2104 LOAD 2-- 

2105 ADD 2 ■ . 

-2106 -DEL 7-—-- 1 - 

2107 BRANCH TO 86 IF 82 MSD=0 
-2111 LEFT 2 - 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 2000-2777 8 (Cont.) 

2112 RIGHT 2 

-2113 BRANCH TO - 86 IFLSD#0 - 

2115 +DEL 3 

— 86 -2116 LOAD 2--- 

2117 ADD 2 

2120 BRANCH TO 88 IF «2 MSD=0- 

2122 BRANCH TO 87 IF #7 LSD=0 
- 2124 +QEL 3----- 

87 2125 LOAD 2 

-2126 LEFT.0- 

2127 RIGHT 0 

-2130 SUB 2 ----- 

2131 SUB 2 

88 2132 LOAD 2 -.— -- 

2133 STORE 6 

- 2134 RIGHT 0---- 

2135 STORE 1 

-2136 ADD 1---- 

2137 LOAD 1 

- 21*10 GOSUB MULTIPLY- 

21*11 STORE *1 

-21*12 STORE 5- 

21*13 0623578*107727670 TO 0 

-215*1 STORE 1-- 

2155 0696791957182651 TO 0 /f 3 

— 2166 ADD *1-—- 

2167 LOAD *1 

—- -2170 GOSUB DIVIDE - 

" "2171 0376059385782*101 TO 0 U “ 

-2202 STORE 1--^- 

2203 0062713918273188 TO 0 JO - 

221*1 SUB 2 - ; - — 

2215 LOAD 5 

-2216 ADD 2-—--~ 

2217 LOAD 2 * 

--2220 GOSUB DIVIDE - -—— - 

2221 3*120595803881187 TO 0 A ® 

-2232 STORE 1- —-7 - 

2233 0*114531378928896 TO 0 f 

-2244 ADD 2-—- 

2245 LOAD 5 ~ ” 

-2246 RIGHT 0-- - - - - 

2247 add 2 

-2250 ADD 2- 

2251 LOAD 2 

- 2252 GOSUB DIVIDE --- 

2253 3790932102782074 TO 0 

-2264 SUB 2-:- 

2265 LOAD 2 

-2266 STORE 1-- 

2267 LOAD 6 

- 2270 GOSUB MULTIPLY--—-r— 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MICRO ROM LISTING - 2000-2777g (Cont.) 

2271 LEFT 0 

— -2272 BRANCH TO 92 IF 87 LSD=0- 

2274 -DEL 7 

-2275 BRANCH -TO—90-1F- 87 LSD^O- 

2277 ADD 7 

-2300 10 TO 2-- 

89 2302 LEFT 2 

— 2303 BRANCH TO 89 IF 82 HSD=0- 

2305 load 6 

- 2306 SUB 2--- 

2307 GOTO 88 

90 2311 load 1 

2312 STORE 6 - - - 

2313 BRANCH TO 75 IF #6 ENTIRE=0 

91 2315 left 6- ; -- 

2316 +DEL 2 

—— 2317 BRANCH TO 91 IF #6 MSD = 0- 

- 2321 RIGHT 6 

-2322 -DEL 2- 

2323 “DEL 2 

-2324 LOAD 7 —-=-:- 

2325 STORE 1 

- 2326 LOAD 2--- 

2327 STORE 7 

-2330 LOAD 6- 

2331 GOSUB DIVIDE 

92 2332 STORE 4 
2333 “DEL 3 

-2334 -DEL 3-— 

2335 BRANCH TO 93 IP #3 MSD=0 

-2337 +DEL-3------- 

2340 -fDEL 3 

“93 2341 99 TO-1- 

2343 LOAD 13 

— -2344 STORE 5 ---- - 

• 2345 LOAD 7 

--'--2346 ADD 1- 

2347 LOAD 4 

-2350 GOSUB PACK - 

2351 BRANCH TO 223 IF 85 LSD-0 
- 2353 GOTO 57------ 

223 2355 GOTO 249 «— 

“75" 2357 02 TO-6 - 

2361 GOTO 1 


347 2363 00 TO 3 

348 2365 BRANCH TO 274-1 F 80 ENT 1 RE=0—- 
2367 GOSUB UNPACK 

--2370 RIGHT 1--- 

2371 STORE 5 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 2000-2777 o (Cont.) 

O 

- 2372 S TORE 6--- 

2373 0316227766016838 TO 2 

- 10 TO O --- 

2406 LEFT 0 

-2407 SUB 1--- 

2410 BRANCH TO $6 IF §1 MSD-0 

-2412 +DEL--3--- 

2413 -iDFL 1 

-24i4.LOAD-1- 

2415 00 TO 1 

-2417 SUB-1-- 

96 2420 LOAD 1 

- 2421 LEFT 0-— 

2422 STORE 7 

-2423 BRANCHTO "97 IF H3 LSD#0— 

2425 LOAD 2 

-“2426 SUB 5-- 

2427 BRANCH TO 102 IF 05 MSD*0 

-243! 05 TO 0- 

2433 ADD 7 

-'2434 GOTO 104- 

.97 2436 LOAD 5 ---*- 

2437 SUB 2 

-2440 BRANCH TO 98 IF #2 MSD#0 ' 

2442 05 TO 0 

-2444 ADD, 7-- 

2445 GOTO 100 

98 2447 10 TO•2 

~99 ~2451 LEFT 2-““- 

2452 BRANCH TO 99 IF *2 MSD=0 

——2454 LOAD 5 --*- 

2455 SUB 2 
100 2456 LOAD 2 
2457 STORE 5 

-2460 GOTO 104 " 7” 

702 2462 ADD-5---.--- 

2463 10 TO 0 

103 2465 LEFT 0 

2466 BRANCH TO 103 IF SO MSD=0 

--2470 RIGHT 0 ~ " ‘ 

2471 SUB 5 

104 2472 LOAD “6 

' 2473 ADD 6 

-2474 LOAD 5 

2475 STORE 1 
- 2476 SUB 6 

2477 BRANCH TO 105 IF S3 LSD=0 
-250! ADD 6 -7 - 

oroo Ann ^ . 

C. 'j C- iv is w * 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 2000-27778 <Cont.) 

105 2503 LOAD 6 - 

2504 RIGHT 0 

- 2505 GOSUB DIVIDE-~ 

2506 RIGHT 2 

- 2507 LOAD 2---~--- 

2510 STORE 6 

-2511 RIGHT 0-- 

2512 STORE 1 

2513 GOSUB MULTIPLY ■ 

2514 STORE 5 

-2515 00 TO 2------- 

2517 0000005602251560 TO 1 & 

- 2530 0012177973108^90 TO 4~T}- 

2541 ADD 2 

25^2 LOAD 2 “ 

25*J3 SUB 4 

-2544 LOAD 4- 

. 25^5 GOSUB DIVIDE 

-25^6 0000085653537509 TO-l-rfV - 

2557 00193213208203^0 TO 4 

2570 LOAD 5 ' 

2571 ADD 2 

2572 LOAD 2 

2573 SUB 4 

2574 LOAD~4-—-- 

. 2575 GOSUB DIVIDE 

2576 000576^564997278 TO"!"^—^— 
2607 0055321132055330 TO 4 n? 

2620 LOAD 5 . 7— 

2621 ADD 2 
-2622 LOAD'2 

2623 SUB 4 

— '2624 LOAD 4 - 

2625 GOSUB DIVIDE 

—-— 2 626 0009886610332195 -TO“ 1—**- 

2637 0227344418844059 TO 4 
-2650 LOAD 5 - 

2651 ADD 2 

2652 LOAD 2 

2653 SUB 4 

-2654 LOAD 4-. 

2655 GOSUB DIVIDE 

-2656 STORE 1-- 

2657 LOAD 6 • 

2660 GOSUB MULTIPLY ~ ~ 

2661 RIGHT 0 

• “ 2662 STORE 6 " " 7- 

_2663.. 12 to 0 _ _ _—- 

" l06 2665 -DEL 0 

2666 LEFT 7 

2667 BRANCH TO 106 IF SO ENTIRES 
2671 LOAD 6 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING 2000-2777 8 (Cont.) 


"" 2672 ADD 7 "T " 

: 2673 load 3 
267-4 RIGHT 0 

2675 BRANCH TO 107 IP #0 LSD?*0 

" 2677 0230258509259^05 TO 1.>v(*- 

2710 LOAD 7 

r?7H GOSUB MULTIPLY--- 

! 2712 LOFT 0 V 

2713 STORE 7- 

107 2714 LOAD 13 

2715 STORE T-:- 

2716 10 TO 1 

2720 LEFT T” --"-T 

2721 -S-DEL 1 
” 2722 LOAD 7 

2723 GOSUB PACK 

" 2724 BRANCH TO' 108 IF"1 5 LSD#0- 

272 6 GOTO 249 


108 2730 GOTO 146 

274 2732 03 TO 6 

2734 GOTO "X ■ “ 7 



-2736"" 

2736 

LOAD 1 

101 

2737 . 

7 

STORE 12 

152 

2745 . 

2740 

LOAD 4 

104 

St 

1 

RIGHT 1 

021 

" 2742 

2 

ADD 1 

061 

2743 

3 

RIGHT 3 

023 

2744“ 

4 

BRANCH IF 


2745 

. 

3L=0 

333 

2746 

5 

2750 

350 

2747 

6 

SUB 1 

071 

2759 

7 

SUB 1 

071 

2751 

2750 

LOAD 2 

102 

_ _ _ 1 _ 

2752 

1 

LEFT 3 

033 

2753 

2 

LOAD 3 

.3 03 

2754 

3 

STORE 4 

144 

2755 

4 

LOAD 12 

112 

“275 6 

5 

STORE 3 

143 

2757 

6 

LOAD 2 

102 

2760 

7 

GOSUB PACK 

012 


2761 


2762 

2763 

2764' 

2765 

2766 
2767 
'2770 

2773 

2772 


. . 2773 

$4 2774 "GOTO "347 

“95 2776 GOTO 348 ~ 


3 0010^1X7. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-3777 8 

116 3000 GOSUB UNPACK 

_3001. STORE 6*._1___ 

3002 LEFT 6 

_ 3003 LOAD 7 A _ 

3004 RIGHT 0 

_3005 LEFT 0_ 

3006 SUB 7 

_3007- 10 TO 0_____ 

3011 BRANCH TO 117 IF #1 LSD=0 

_3013 ADD 7___ 

117 3014 RIGHT 1 

_3015 LEFT 0_ 

3016 SUB 1 

-118 3017 LEFT 0_ 

3020 BRANCH TO 118 IF #0 MSD=0 

__ 3022. BRANCH TO. 120_.IF-fil .MSD=0 

119 3024 RIGHT 6 

_;_3025 +DEL 1_ 

3026 BRANCH TO 119 IF HI MSD*0 

__3030 BRANCH TO 127 -IF #7- LSD=0 

3032 GOTO 121 


120 303*1 BRANCH TO 122 IF #7 LSD=0 

_'3036 BRANCH.. TO 115 I F_ Jl_ ENT I RE 5^0. 

3040 SUB 6 

_ 3041 BRANCH TO 115-IF. # 6 . ENTIRES. 

30^i3 ADD 6 * 

. 121 3044 STORE _1 ___ 

3045 STORE 2 

_3046 LOAD 6 _ 

% J U M / D U D A 

_1 3050 ADD 2__ 

3051 LOAD 2 

_3052 RIGHT 0_ 

3053 GOSUB MULTIPLY 

_3054 LEFT 0_ 

3055 STORE 5 

_ 3056 ADD 5 -_— 

3057 GOSUB SQUARE ROOT 

_____3060 BRANCH TO 123-1F. 13_MSD=0_ 

3062 STORE 2 

_ 3063 LOAD 6 ___ 

3064 STORE 1 

3065 LOAD 2_ 

3066 GOTO 125 


122 3070 RIGHT 0 

_3071 -DEL 1_ 

3072 BRANCH TO 122 IF #1 MSD=0 

_ 3074 RIGHT 6_ 

3075 STORE 1 

_307 6. GOTO 12.*L_ 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-3777g (Cont.) 

—123 3100 STORE 1__ 

124 3101 LOAD 6 

_ 3102 20 TO 3 -----__ 

125 3104 GOSUB DIVIDE 

_ 3105 STORE 6..1__'__ 

3106 BRANCH TO 126 IF §7 LSD=0 
__3H0 -DEL 7-__ 

126 3111 LOAD 3 

_ 3112 ADD 7— __ 

349 3113 LEFT 7 

_ 3114 LOAD 6__ 

3115 STORE 2 

3116 41. TO 0 _ _ 

128 3120 LEFT 0 

___3121. BRANCH TO .128. IF..JO..MSD=OL__ 

3123 RIGHT 0 

_3124 . SUB 2_ _ 

3125 BRANCH TO 129 IF #2 MSD*0 

_— 3127 LEFT 0_-_ 

3130 LEFT 0 

_3131- ADD .6_ 

3132 STORE 1 

_.3133-ADD 1___ 

3134 LOAD 6 

-3135-SUB 1- 

3136 RIGHT 1 

_ 3137 -RIGHT 0_____ 

3140 GOSUB DIVIDE 

_ 3141-+DEL 7_ 

3142 STORE 6 

129 3143 LOAD 6__-_ 

Ill* f vnnr 

—_3145 GOSUB MULTIPLY___:_ 

3146 RIGHT 0 

_—3147- STORE _.2___ 

3150 STORE 5 

_3151 STORE 4__ 

3152 0001505853445310 TO 0 ‘Hi 

_3163 -STORE--1_-- 

3164 0133876118020924 TO 0 

___3175 ADD 2___ 

3176 LOAD 2 

_3177 GOSUB DIVIDE____ 

3200 SUB 4 

_ 3201 0271829879170988 TO— 0 .- £3. — 

3212 ADD 4 .j 

- 3213 0039283531665912 -TO-O-- Ul — 

3224 STORE 1 

_3225 -LOAD .4 ___— 

3226 GOSUB DIVIDE 

- 3227 SUB 5 - 

3230 0540624728151244 TO 0 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-3777 8 (Cont.) 

-.3241-ADD 5 _ _ 

3242 0311385873583304 TO 0 

-3253 STORE-1_ 

3254 LOAD 5 

——-3255-GOSUB DIVIDE____ 

3256 0201311612554281 TO 0 JW 

- 3267 ADD 2_-_ 

3270 LOAD 2 

-- 3271 -STORE. 1__ 

3272 LOAD 6 

3273 GOSUB MULTIPLY. -- w- 

% ' 3274 0785398l83397448 : TO 0 .n 1 

3305 STORE 6 . ... -,—. 

3306 STORE 2 - 

— 3307 BRANCH TO 130 IF #7 LSD=0 

3311 SUB 1 

- 3312 LOAD 1- _ 

3313 00 TO 1 

-3315 SUB 1 • __ 

130 3316 RIGHT 7 

-3317 LOAD 7- 

.3320 RIGHT 0 

- 3321 RIGHT 0 --- 

3322 BRANCH TO 137 IF #0 ENTIRE=0 

-3324 LOAD 1 ___ 

3325 BRANCH TO 131 IF #7 LSD=0 
3327 RIGHT 7 

3330 BRANCH TO 132 IF 117 LSD=0 
- 3332 GOTO 133---- 

-131 3334 RIGHT 7- 

3335 BRANCH TO 133 IF 87 LSD=0 

-132 3337 ADD 2 - 

3340 GOTO 134 


133 3342 SUB 2 

____ 3343 BRANCH TO .134 -IF_.fi2 MSD=Q._ 

3345 00 TO 2 

-I 34 3347 LOAD 6- 

3350 ADD 6 

-3351 LOAD 6 - 

3^52 BRANCH TO 135 IF fi7 l.SD=0 

- 3354 ADD- 2--- 

135 3355 RIGHT 7 

- 3356 00 TO 3 - 

V 3360 BRANCH TO 136 IF fi 7 LSD=0 
—-.-3362 *DEL- 3----- 

136 3363 load 2 

_3364 STORE. 1_—- 

3365 GOTO 142 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-37770 (Cont.) 


137 336? 

—. 3370 

3371 

- 3373 

3374 

- 3376 

3377 

- 3400 

3401 

- 3402 

3404 

138 3405 
3407 

----- 3411 
3412 
—- 3414 

139 3415 
-3417 

3421 
—— 3422 
3424 
-140 3425 
3427 
-3430 

141 3431 
~ 3432 

142 3433 
.——3434 


9 n a r\ £ 

LVn \J 

ADD 6 -- 

20 TO 0 

SUB 7 _——_ 

BRANCH TO I 38 IF #7 MSD^O 

SUB -7- 

LOAD 6 

SUB 1- 

LOAD 1 

00 TO 1-- 

SUB 1 

10 TOO- 

00 TO 3 

ADD 7 - - -- 

BRANCH TO 139 IF fl7 M$D*0 

+ DEL 3 ----- 

BRANCH TO 141 IF f7 LSD = 0 
BRANCH TO 140 IF-#3 LSD*0- 
LOAD 1 


00 TO 1--- 

SUB I . ______ _ 

00-TO 3 - - - - - ' 

LOAD 6 

ADD-1-- 

LOAD 1 

STORE 2--- 

SKIP IF 1 IN FLIP FLOP «4 
GOTO 143- 


- 3436 

3437 

- 3440 

3441 

. ---3442 

3443 
~ 143' 3444 
3446 
- 3447 


LOAD 6 -- 

RIGHT 1 

RIGHT 0 --- 

GOSUB DIVIDE 

RIGHT 0- 

SUB 2 

99 TO 1- 

SKIP IF 1 IN FLIP FLOP #4 
GOTO 144 ----- 


- 3451 +DEL 1--1 

3452 +DEL 1 
144 3453 LOAD 2 
3454 GOTO 169 


115 3456 04 TO 6 
-—3460 GOTO— -X- 


350 3462 01 TO-4 - 

3464 BRANCH TO 14? IF #0 ENTIRES 

-3466 05 TO -6 - 

R470 GOTO 1 * 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-3777 8 (Cont.) 
351 3*»72 00 TO 4 

-3!}74 STORE 7- 

3475 LOAD 10 

—- 3476 STORE 2 - 

3477 GOTO 50 


352 3501 
-147 3503 

3504 

-3505 

3506 

-3510 

3511 
-3513 

353 3514 
.- 3515 

3517 
- 3520 

oc 

—148 3523 
3524 

-3525 

3527 

-3530 

3531 

—-3532 

3533 
—— 3534 
3536 
3540 

149 3541 
-3542 

3543 

-3544 

3546 
-3547 

150 3550 
- 3551 

3552 
- 3553 

3554 

3555 

3556 
--3560 

151 3561 
-3562 

3563 
- 3564 
3565 

- 3566 

3567 


00 TO 4 

STORE 7- 

LOAD 10 

STORE 2--- 

00 TO 0 

SKIP IF 1 IN FLIP FLOP-15 
01 TO 0 

STORE 10- 

LOAD 7 

00 TO 3 - 

GCSUB UNPACK 

BRhNCH TO 148 IF #1 - LSD=0- 

-S-DEL 3 

STORE -7--- 

RIGHT 1 

99 TO 0--- 

SUB 1 

LOAD 1-- 

STORE 5 

LOAD -2- 

GOSUB UNPACK 

BRANCH TO 149 IF #1 LSD-0- 

BRANCH TO 154 IF §3 LSD=0 

-DEL 3 . -J-- - - 

STORE 6 

LOAD-5--—- 

RIGHT 1 

BRANCH TO 150 IF *4 ENTIRES— 
ADD 1 

ADD-1-- 

SUB 1 

LOAD -1----—- 

STORE 5 

LOAD 6-- 

STORE 1 

LOAD 7 -. 

BRANCH W 153 IF #4 ENTIRE=0 

GOSUB DIVIDE- 

LOAD 5 

STORE 1--- 

LOAD 13 

STORE 5- 

LOAD 2 

GOSUB PACK--- 

BRANCH TO 152 IF #5 LSD=0 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-3777g (Cent.) 

- 3571 -DEL 5 — • - -.- 

357 2 BRANCH TO 222 IF §5 LSD=0 

• 3574 GOTO 220- -- 

222 3576 GOTO 32 

152 3600 GOTO 249- — 

153 3602 GOSU3 MULTIPLY-—- 

3603 STORE 2 

- 3604 GOTO 151-- 

-154 3606 + DEL-3-— 

3607 GOTO 149 


354 3511 GOSUB UNPACK 

- 3612 STORE 3 - 

3613 RIGHT 1 

- --- 3614 10 TO 0- 

3616 LEFT 0 

- 3617 STORE 4 - 

3620 SUB 1 

— - 3621 BRANCH TO- 241- IF {(1 MSD*0 - 

3623 BRANCH TO 155 IF #1 ENTI RE=0 

- 3625 LEFT-3— - 

3626 -DEL 1 

155 3627 BRANCH TO 275 IF #1 ENTI RE-/0- 

U? 3631 12 TO 2 

156 3633 RIGHT-3- 

3634 -DEL 2 

- 3635 + DEL 4- 

3636 BRANCH TO 156 IF S2 MSD=0 

- 3640 05 TO 0 - 

3642 ADD 3 

— 3643 RIGHT 3 —•- 

3644 BRANCH TO 247 IF S3 ENTIRE5*0 
3646 +DEL 3-----— 

247 3647 LOAD 3 

- 3650 STORE 1 -—- 

157 3651 BRANCH TO 158 IF SI MSD=0 

- 3653 right-i-- 

3654 +DEL '4 

-158 3655 LOAD-1-~ 

3656 LEFT 0 

- 3657 BRANCH TO —74 IF SO MSD=0- 

3661 RIGHT 1 

- 3662 +DEL--4- 

^.74 3663 -DEL 3 

--3664 BRANCH TO 162 IF S3 ENTIRE = 0- 

3666 LOAD 3 

- 3667 STORE 2 - 

3670 LOAD 1 
6/15/73 --3671 SUB 1 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 3000-3777g (Cont.) 

159 3672 BRANCH TO 160 IF #2 LSD=0 
161 367^ -DEL 2 - 

3675 add 1 

3676 GOTO 159 - 


"160 3700 BRANCH TO 157 IP #2 ENTIRE=0 

3702 LEFT 0 

3703 right 2 - - --- 

3704 GOTO 161 


241 3706 RIGHT 3 
3707 GOTO 242 


162 3711 LOAD 1 
3712 STORE 2 

-- - 3713 LOAD 4 - 

3714 STORE 1 
V 3715 LOAD 2 
3716 +DEL 1 

-3717 GOTO 169- 


275 3721 06 TO-6 
3723 GOTO 1 


3725 

—* 3726-— 

3727 

-3730 — 

3731 

-3732— 

3733 

—3734 — 
3735 
—" 3736 
3737 

- 3740— 

3741- 

-3742 

3743 

-— 3744 — 
3745 

- 3746— 


3747 

- 3?50 - 

3751 

- 37 52 - 

3753 

-37 54- 

3755 

- 3?56 - 

3757 

-3760- 

3761 

--3762- 

3763 

"“127 "3764 GOTO 349 
“145 3766 GOTO 350 — 

t 

--57“3770 goto-351- 

l46'~3772 GOTO- 352 — 

- 50 “3774 GOTO 353 

—218-3776 goto-354 


? 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 4000-4777g 


1 MOOO 
r-^277-4001 

\_4002 

- 4004 

4006 


-4007 

4010 

-4011 

4013 

-4014 

4015 

-4016 

4017 

- 4020 

4021 

- 4022 

4023 

- 4024 

4025 

- 4026 

4027 

-.. 4030 

4031 
—- 4032 


GOSUB PRINT START 

GOSUB PRINT- 

BRANCH TO 277 IF #6 ENTIRES 

04 TO 0- 

STORE 3 

OUTPUT-pH--tlr-- 

+DEL 0 


01- TO - 3-- 

OUTPUT 
-DEL-0 
STORE 
OUTPUT 
OUTPUT 
+ DEL 0 
-DEL 3 
OUTPUT 
-DEL 3 
LOAD 3 
OUTPUT 
RIGHT 
STORE 10 
-DEL—3— 
OUTPUT 
GOTO- 17 


0 


0 Ai* 

——|—y <2. A.- 

f>\) 


3 /^) 

{i .... 



L W j 

a 



. /zi) _ 

__.\r_ 







n- -o 

c • ft* 

-TV AO 






355 4034 STORE 13--- 

4035 01 TO 0 

-4037 STORE -12-—- 

4040 GOTO 263 


356 4042 SKIP IF 1 IN FLIP FLOP #5 
- 4043 GOTO 272----- 

i « 

- 4 0 4 5 S K IP - IF I -I N " F LIP-F LOP -1 6 — 

4046 GOTO 17 


272 4050 STORE 13 

----- 4051 LOAD 12---- 

4052 -DEL 0 

----- 4053 BRANCH TO 273 IF *0 ENT1RE=0- 

4055 GOSUB PRINT START 

- 4056 LOAD 12- - ----- 

r — 4057 GOTO 255 / '~\1S ^ iv\n 


357 4061 STORE 13 

273 4062 01 TO 0 4 - 

4064 STORE 12. 

- 4065 G05UB PRINT START- 

4066 LOAD 13 

1^358 4067 STORE 5 - 

4070 GOSUB UNPACK-* 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 4000-4777 8 (Cont.) 

- 4071 load 1 - . -- 

4072 STORE 7 

- 4073 RIGHT 1--- 

4074 LOAD 11 

4075 STORE 3 ---- 

4076 RIGHT 0 

4077 LEFT o . ' -.-. 

4100 SUB 3 

4101 LOAD 3 -- -• 

4102 STORE 4 

4103 ADD 1 - . —.- - 

4104 10 TO 0 

4106 LEFT 0 . .. 

4107 SUB 1 

-4110 15 TO 0- 

4112 SUB 1 

-4113 LOAD 1- - 

4114 STORE 2 

. 4115 “DEL 3- 

4116 BRANCH TO 253 IF #3 ENTIRE#0 
- 4120 +DEL 2 -- 

253 4121 06 TO G 

- 4123 SUB 4- 

4124 BRANCH TO 254 IF #4 MSD=0 
-11126 +DEL 2- 

254 4127 LOAD 5 

— 4130 BRANCH TO 265 IF #2 MSD=0- 

4132 LEFT 6 

256 4133 +DEL 1- 

4134 BRANCH TO 257 IF #1 MSD=0 

- 4136 RIGHT 6 - - - - 

4137 BRANCH TO 256 IF #6 ENTIRES 

257 4141 LOAD 11- 

4142 STORE 5 

- 111113 RIGHT 0- 

4144 LEFT 0 

- 4145 SUB 5 - 

4l46 05 TO 0 

- 4150 ADD 6- 

4151 RIGHT 6 

-4152 BRANCH TO 264 IF 15 ENTIRES —- 

259 4154 -DEL 5 

- 4155 GOSUB PRINT -- 

4156 BRANCH 10 259 IF #5 ENTIRE#0 

-4160 06 TO 0-Q^- 

4162 05 TO 3 .< ^ 

-4l64 OUTPUT u - 

258 4165 02 TO 5 

261 4167 BRANCH TO 260 ’IF #6 ENTIRE=0- 

4171 BRANCH TO 262 IF #5 MSD*0 

~ 4173 -del 5- 

4174 GOSUB PRINT 

-4175 GOTO 261- 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 4000-4777g (Cont.) 

X • ^ 

262 ' 4177 04 TO'0~N __ of—-- 

4201 00 TO 3 / 

- 4203 OUTPUT— 1 -- 

4204 goto 258 


268 4206 +DEL 7 

-11207 RIGHT-6-- 

267 4210 RIGHT 6 ' 

-1} 211 right-6- 

11212 RIGHT 6 

-11213 load 6--- 

4214 STORE 5 

. 4215 10 TO 0------- 

4217 LEFT 0 

11220 SUB 7--- 

11221 BRANCH TO 269 IF «7 MSD-0 

4223 LOAD 7 •- * --- 

4224 SUB 7 

4225 SUB 7---—--- 

4226 +DEL 1 

269 4227 LOAD 7 -— ---— 

4230 STORE 6 

4231 load 1 --- 

4232 STORE 7- ■ • 

4233 GOSUB PRINT-------— 

4234 GOSUB PRINT 

4235 06 TO 0\ A)^ 

4237 04 TO 3 V 

- 4241 BRANCH TO'270'IF li7~LSD=0-- J — 

iipli *5 -DFI 3 \ 

•270 4244 R i ght 7 ------ 

4245 OUTPUT • 

- 4246 05 TO O ' - : - 

4250 03 TO 3 ^ 

- 4 252 OUTPUT-T,----- 

4253 -DEL 0V J ' 

- 4254 00 TO 37 --"“*—---- 

4256 OUTPUT 

4257 LOAD 5-- 

4260 STORE 6' 


- 4261 10 TO 5 - ■ 

271 4263 -DEL 5 ^ 

-4264 GOSUB PRINT 

4265 BRANCH TO 271 IF #5 MSD = d) 

-4267 06 to" 0 ”-;; ; -. 7 T- —" 

4271 05 TO 3 




— 4273 OUTPUT—-- 7 

4274 GOSUB PRINT 

260 4275 BRANCH TO 263 IF #7 LSD=0 
4277 06 TO Q\ 7*0 
- 4301 03 TO 3 — r *‘""- 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 4000-4777 8 (Cont.) 

18 ^303 OUTPUT V ^ 

263 4304 02 TO <n 7 V#' 5 

4306 STORF 3j 

4307 OUTPUT - 

4330 LOAD 12 

4311 BRANCH TO 273 IK *0 MSD#0- 

4313 BRANCH TO 273 IF 80 ENT IRE=0 

4315 “DEL, 0 ' .. .... 

4316 BRANCH TO 184 If «0 ENTIRE=0 

4320 STORE 7"' 

4321 RIGHT 0 

4322 RIGHT 0 

4323 STORE 5 

4324 STORE 6 

4325 LEFT 0 

4326 LEFT 0 

4327 SUB 7 

4330 -DEL 7 

4331 01 TO 0 

4333 STORE 12 

4334 GOTO 384 
184 4336 LOAD 11 

4337 STORE 1- 

4340 RIGHT 0 
‘4341 STORE 2 

4342 LEFT 0 * 

4343 SUB 1 ~ -- 

4344 LOAD 1 * 

4345 STORE 11-- 

4346 -DEL 2 

"" 4347 LOAD 13 -- 

4350 BRANCH TO 185 IF 82 MSDAO 

4352 BRANCH TO 186 IF 82 LSD=0 

4354 GOTO 198 


186 j»356 GOTO 219 

359 4360 20 to 5 
4362 goto 183 

360 4364 10 TO 5 
183 4366 STORE 13 
.4367 LOAD 11 

4370 ADD 5 

4371 load 5 

4372 STORE 11 
. 4373 LOAD 12 

4374 STORE 5 

4375 01 TO 0 

It 0*7*7 c T O t: 10 

-I i 4 U • Wt\u JL. c. 

4400 LOAD 5 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 4000-4777 g (Cont.) 


4401 -DEL 5 

" 4402 BRANCH TO~l 8 4 ~I F ~~8 5 E N TIRE=O'" 
v 4404 SKIP IF 1 IN FLIP FLOP 85 
""”" '4405 GOTO 224 " " 

4407 SKIP"'IFlIN"FLIP FLOP ~"86 
_4410 G OTO 1 84_- 

224 4412 STORE 1 

4413 GOSUB PR I NT START" 

4414 LOAD 1 

4415 GOTO 255" 

264 4417" BRANCH TO~258”TF""jl 6" ENTIRE^O" 
266 4421 07 TO 0 

2ioo STORE 7 " 

4424 GOTO 18 
361 4426 STORE 13 
~ ‘4427 01 TO 0 

4431 STORE 12 

4432 GOSUB PRINT START 

4433 load 13 

265 4434 BRANCH T0‘ 266~TF 80 ENTTRE=0" 

4436 GOSUB UNPACK 

4437 LOAD 1 
4440 LEFT 1 

” 4441 RIGHT "0 

4442 STORE 4 

4443 STORE 7 ~ ; 

4444 50 TO 0 
|i446 LEFT 0 
4447 ADD 6 

■”"'i|450 BRANCH TO" 26T IF 8 6 MSD="0 

4452 +DEL 4 

4453 RIGHT 4 

_4454 RIGHT 4 _ ■ 

T 1455 -DEL - 4 

4456 -DEL 4 

4457 BRANCH T 6 268 IF 8 4 MS D# 0 

4461 SUB 6 

4462 GOTO 267 

4571 STOR£ 7 

4572 GOSUB UNPACK__- 

4573 01 TO 0 

4575 BRANCH TO 237 IF U LSD=0__ 

4577 +DEL 0' v 

237 4600 STORE 13___—: 

4601 LOAD 7 . . • 

__4602 HAL.T___1--- 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 4000-4777g (Cont.) 

-365 *1603 SKIP . IF 1. IN .FLIP . FLOP.f 5- 
i(60*l GOTO 239 

*1606 STORE 1 

_ *(607 03 TO 0 _._ 

*1611 SKIP IF 1 IN FLIP FLOP §7 

_*1612 0*1 TO 0____ 

*l6l*l STORE 13 

*1615 00 TO 0 . . .._ 

*1617 03 TO 3 

_*1621 GOTO. 3 03_____ 

.366 *1623 STORE 7__. 

*162*} 02 TO 0 . • 

_*1626 GOTO 237 /M _ 

-239 **630 09 TO .6 ___ 

*1632 GOTO 1 

tm»p 1 

_i - < - — • v 

^_*1635 GO TO .0_ 

*1637 01 TO 3 

__.... *',6*11 OUTPUT_,. 

*16*12 -s-DEL 3 

*16*13 OUTPUT_ 

*16*1*1 RIGHT 3 

_*16*15 LOAD..!___ 

*16*16 HALT 

219 * 16*47 STORE 12 

_*1650 00 „TO_.*i___ 

*1652 03 TO 0 

_*165*1 STORE. 13_ 

*1655 load 12 

______*1656 GOTO 21*5___ 

. 368 . *1660 -DEL 5___ 

*1661 BRANCH TO 221 IF H 5 LSD“0 

_*1663 STORE 1_ 

*i66*i LOAD 12 

_*1665 STORE . 2-__ 

*1666 LOAD 1 

_*1667 STORE .12___ 

*1670 02 TO 0 

__*1672 STORE 13_- 

*1673 00 TO *1 

_*1675 LOAD .2-- _— 

*1676 GOTO 215 


6/15/73 


4-79 


TP-285 

























FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING 4000-47778 (Cont.) 


221 *1700 STORE 10 

_ 4701 LOAD 12 _ 

*• kl 02 STORE 1 
_lj 703 LOAD— 10 . 


ii 70*4 STORE 12 

_ 4705 LOAD -1 — 

279 *1706 GOTO 249 
**111 12 TO 0 

4713 SUB 6 






I 


BRANCH TO 379 . IF #6 ENTIRE=o 
14716 STORE 6 
4717 STORE 7 - 

4720 LOAD 10 

4721 STORE *2 — 

4722 LOAD 1 

4723 STORE 10 - 

4724 HALT. 


379 4725 LOAD 2 
-- IJ 726 GOTO 249 /^ 4 )']^ 


- 4730 ---—-— 

^731 

4732 

4733 

—-.4734-—--- 

4735 

-4736---—- 

4737 

- 4740 -—- 

4741 / 

-190- 4742 GOTO 380--/-^ { 0--- 

-246 - 4744- GOTO 35 5 — 
-249 4746 GOTO 356 /^J ^--- 


^■liii 'Uch mm OK7 / c / nf~ I ' • 

^»| >v « v --"“™;-*- 

—255 -4752-GOTO 358/-J-™—-236-476f>-GOTO- 

-182 -ii754 g 0*r0 .3594—7-3M--232 4770 -goto 

-130-4756 GOTO 360 /-H-3 1 - 3 -/--238- 4772 GOTO 

— 245-4760 GOTO -361 240 4 ?74 GOTO 


—225 -4762-GOTO 362y^H Lfqy -—220-4776-GCTO 

—335-5764 goto 363 -?--—-- 


364/^7_57i>4_ 

.365 /-54o3- 

366-/-4-bl4>-- 
3o7-/-7 / 't>3-'/—: 
. 368 -/#^$— 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-5777g 

^ wu. » k.' l. 4_ *i 

5002 +DEL 4 

■— 5003 +del 4- 

5004 +DEL 4 

-5005 +DEL If- : -- 

5006 +DEL 4 

-5007 +DEL *f-:- 

5010 +DEL M 

-5011 +DEL : 4- 

5012 +DEL 4 
5013+0EL” 4 
5014 +DLL 4 

-5015 +DEL 4 .. 

5016 + DEL 4 
"'5017 +DEL 4 
5020 +DE1 4 

-5021'+DEL' 4- 

5022 +DEL 4 

5023 +0EL 4 7 

5024 +DEL 4 

5025 +DEL 4- 

5026 +DEL 4 

-5027 +DEL '4- 

5030 +DEL 4 
“ 5031 + DEL 4"' 

5032 +DtL 4 

5033 +DEL 4-- 

5034 -i DEL 4 
5035'+DEI 4 

5036 +DFL 4 

5037 +or ■_ 4 

KQllO 4.0 FI. 4 4 

5041 -* Off L 4 

5042 +DEL 4 
5043'+DEL 4 

5044 +DEL 4 

5045 +Dt L 4 

5046 +DH 4 

504?'-f dll 4 7 

5050 - 4 -dfl 4 
5051 "+dll “4 
5052 4 DEL 4 
' '5053'+0EL 4 

5054 +d r l 4 

5055 +f>Fi 4 

5056 +DEL 4 
-5057 +DtL 4 

5060 4 DL L 4 

5061 4DLL 4 

5062 4DfL 4 

5063 +DLL 4 — 

5064 + Dr l 4 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-5777 8 (Cont.) 

5065~+del ' *1-- 

• 5066 -{-DEL ll 

5067:~+DEL‘“ir " 

5070 -i DEL 11 

5071 +DEL 11 ■ : 

5072 4DEL 1} 

5073 +DEL 11 " 

507li 4DEL 4 • • 

5075 +DEL 11 7 " 

5076 +DEL ll 

-5077 SKIP IF IN FLIP FLOP' #5—~ 

nnn r.nm linn 

5102 LOAD 10 

5103 -DEL' O 

51011 BRANCH TO 402 IF HO ENTI RE=0 

5106 -DEL 0 - --- -- 

5107 BRANCH TO 403 IF HO ENTIRE=0 

5111 -DEL 0 . . • 

5112 BRANCH TO 404 IF HO ENTIRE = 0 

-5H11 BRANCH TO 281 IF #4 ENTI RE=0 - 

5116 55 TO 7 

-5! 20 LOAD ll-.- 

5121 ADD 1J 

_ 5122 AD[) -2j---’- 

5123 add is 

* 5124 ADD"'4~~~ 

5125 LOAD 4 • 

5126 RIGHT 0 " “ 

5127 SUB 7 

- 5130 BRANCH TO '293“IF H4~LSD=0- 

5132 32 TO 0 

51 3 H SUB "7 ~ " ——- 

293 5135 LOAD 7 

5 ! 36 STORE“"2 ------ 

5137 STORE 4 

5140 BRANCH TO"307 IF “H 7 * MS D¥ 0-- 

. 5142 RIGHT 0 

BRANCH TO “291 I F~S 0 ENTrRE=0~~- 

5145 48 TO 0 
- 52^7 SUB 4 

5150 BRANCH TO 296 IF 44 MSD#0 

5152 -DEL~4 

5153 -DEL 4 

5154 BRANCH TO ^301“ 1 F #‘4' _ ENTrRE= 0 ‘ 5 

5 *» r C d t r l i t n 

«L ^ w »X * O * 3 ( W 

5157 sub"“ 4 r 

5160 BRANCH TO 307 IF «4 ENTIRE#0 ' 

-5162 48 TO 7 -:-:-:- 

5164 GOTO 297 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-5777g (Cont.) 

400 5166 M TO 0 

- 5170 sub ~n -— 

5171 BRANCH TO 401 IF 84 ENTIRES 

5173 03 TO" 0- 

5175 STORE 10 

' 5176 RIGHT 0 -- 

5177 05 TO 3 

5201 OUTPUT - 

1101 5202 00 TO 0 

5204 STORE*"*!--- 

5205 STORE 3 

5206 HALT — 

”404 5207 BRANCH TO 401 I F 8 4 ENTIRES 

5211 02 TO 0 

5213 STORE 10 

5214 GOTO 401 


403 5216 BRANCH TO 401 IF |4 ENTI RE=0 
5220 01 TO 0 . ■■*' 

5222 STORE 10 

5223 STORE 6 .. . . ~ 

402 5224 BRANCH TO 405 IF «4 ENTIRE=Q 

5226 LOAD 4 

5227 ADD 6 

. 5230 GOTO 401--- 

405 5232 LOAD 4 

5233 01 TO 3 

5235 OUTPUT " 

5236 GOSUB PRINT START 

5237 GOSUB PRINT 

5240 GOSUB PRINT 

5241 GOSUB PRINT 

5242 06 TO 0 
5244“04' TO“3 
5246 OUTPUT 

"'5247 OUTPUT" ~ 

5250 .02 TO 0 
'5252 OUTPUT 
5253 RIGHT 0 
5254"STORE TO 
5255 GOTO 17 


296 5257 15 TO 0 

5261 SUB 2 

5262 BRANCH TO 301 IF 82 MSD#0 
5264 BRANCH "TO'406 IF" 82 ENTIRE=0 
5266 -DEL 2 

5267 “"DEL 2 

5270 -DEL 2 

5271 BRANCH~TO~297~rF~T2~MSD?'0 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-5777g (Cont.) 

5273 27 TO 0 
~ 5275 SUB 2 

5276 BRANCH TO 297 IF 82 ENTIRE=0 
5300" -DEL’ 2 

5301 BRANCH TO 297 IF 82 ENTIRE=0 

r r-ATA ' O AT' 

POUJ 4 JUjl V 

'Tj06”53 1 d5'T5'TO'T ~ - 

5307 load 10 

' " "5310 SUB T ~~ 

'i 5311 BRANCH TO 297 IF #1 ENTIRES 
5313*00 TO 6 

5315 51 TO 7 

5317 GOTO 282 

"291 53 21'"'+ D E L~$ " 

297 5322 +DEL_5_ ' 

“3or'5323‘+DEL 5 
295 5324 LOAD 3 
" 5325 " ADD "5" ' 

312_5326 BRANCH TO 292 JF__8 5_ ENT_I_R_E=0_ 

5330 -DEL 5 "" 

5331 BRANCH TO 316 IF $5 ENTIRE=0 

5333 “DEL 5 

5334 BRANCH TO 314 IF #5 ENTIRE=0 

5336 -DEL 5 

5337 BRANCH TO 294 IF 85 ENTIRE=0 
" '5341"04 TO O 

5343 SUB 5 

5344 BRANCH"TO 326 IF“8 5 MSD*0 
5346 BRANCH TO 308 IF 85 ENTIRE=0 

5350 sub 5 .. 

5351 BRANCH TO 307 IF 8 5 MSD*0 
5353 BRANCH TO' 309 IF'85 ENTIRE=0 

_5355 -DEL 5 

5356 BRANCH TO’ 310 "I F 8 5 ENTI RE=0 
5360 02 TO 0 

5362 OUTPUT 

5363 OUTPUT 

5364 GOSUB PRINT START ” " 

5365 -del 6 

311 5366 GOSUB PRINT 

5367 BRANCH TO 311 IF 86 ENTIRE*!) 
5371 04 TO 0 

5373 05 to 3 _ _ _ 

5375 OUTPUT’ 

5376 02 TO 0 __ 

5400 OUTPUT " 

5401 OUTPUT ___ 

5402 OUTPUT’ " 

5403 GOTO 312 __ _ _ 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-5777 8 (Cont.) 

_J26 5*105 LOAD 5___ 

5*106 ADD 7 
5*107 *»8 TO 0 
5*111 'sub”7"~~ 

5*112 BRANCH TO 307 IF #7 ENTIRES 

5*11*1' LOAD'10 

5*115 STORE 7 

5*116 99 "TO 6 

5*120 LEFT 6 

' " 5*121 GOTO ”282' “ “ - ■ 

1 *T~5 *12 3”G OTcr 3 05 

~3 6 9~5 * 2 511111IX11117 7 79 6“TO~0 ' 

5436 STORE 12 

”5*137 662667583651788‘2'YO" 3 
51350 6562837172731537 TO 1 
5*161 36272731657*16*177" TO"*l ~ ' 

5*172 7517*166786772626 TO 2 
5503 5777817*166786772 TO~'5 

551*1 16262627*17973721 _JO 0_ 

370 5525 +DEL 7 

_ 283 5526 -DEL 0 _ 

5527 BRANCH TO 28*1 IF HO LSD=0 
5531 BRANCH TO 287 IF H7 ENTIRES 
5533 BRANCH TO 286 IF~H3 LSD^O 

5535 STORE 3 _ _ __ 

287 5536 RIGHT 0 

_5537 BRANCH T0 283 JF_H0_ENTIRE|10__ j 

””””55*11 load 5 ” 

_55*12 STORE 13 _ 

55*13 LOAD 2 

__ 55*1*1 STORE 5_ 

55*15 LOAD *1 

_55*16 STORE 2_ 

55*17 LOAD I 

_ 5550 STORE Jl_ 

”5551 "load "3 

_ 5552 STORE 1__ _ __ _ 

5553 LOAD 12 

555*1 BRANCH TO 317 IF H7 ENTIRE = 0_ 
””5556 STORE 3 

317 5557 load 13 __ 

5560 GOTO 283 

r 281"55 62 ” LOAD 13 " 

5563 BRANCH TO,295 IF HO LSD*0_ 

5565 HALT 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-57778 (Cont.) 

286'5566 -DEL~3 : 

5567 -del o___ 

5570 OUTPUT 
:_.302_. 5571 LEFT 3 

5572 GOTO.287 


284 5574 -DEL. 7 

____5575 BRANCH TO_ 288 _IF #7 MSD#0 

5577 BRANCH TO 287 IF #7 ENT I REVO 

_5601 STORE 7 _ 

5602 LOAD 2 

__5603 STORE 10_ • _ 

5604 GOSUB PRINT START 

_5605 BRANCH TO 285_ IFJ {6 ENTIRE^O 

5607 OUTPUT 

5610 OUTPUT ___ 

28'9 5611 LOAD 10 

_5612 STORE 2__ 

5613 load 7 

5614 SUB 7 _1 

5615 goto" 362 

~28"5"~5617 -del " 6 “ ~ 

_ 5620 LOAD 6__ 

5621 RIGHT"0 

5622 RIGHT 0 

5623 BRANCH TO 327 IF ftp ENTI RE*0 

_5625 GOSUB PRINT_;_ 

5626 GOSUB PRINT’ 

_5627, GOTO 2<>9. _ 4 _ 

i - 

327 5631 04 TO 0 ___ ___ 

5633 05 TO 3 

5635 OUTPUT _ _ 

v ” ' 5636 RIGHT '" 3 " "" . “ ~ 

_5637 OUTPUT_;_ 

5640 GOTO 289 

~2 _ 94~~5642’ "l6ad™7 

_5643 store_6______ 

5644 GOSUB PRINT START 

_5645 .OUTPUT_ 

5646 OUTPUT 

_ 56 4 7 G 0 S U 8 _ PRI NT_ 

288 5650 02 TO 6 

_ 5652 output_ .1 _; _ 

5653 -del 0 

_ __5 6 5 4 _.S T 0 R e_X3_! 

• 5655 -del 0 

_.5656 .STORE.J._ 

5657 STORE 10 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-5777 8 (Cont.) 

_ 566 O SKIP IF 1 IN_FXIP_.FLOP_J 6 . 

5661 GOTO 318 


5663 01 TO 3 
- 5665 OUTPUT— 

5666 +DEL 3 
_ 566 '/ OUTPUT 

5670 GOTO 318 
292 5672 01 TO 3* 
_ 5674 00 TO 0.. 

5676 OUTPUT 
—~ 5677 +DEL 3 - 

5700 OUTPUT 

_ 5701.12 TO 3- 

310 5703 +DEL 6 
313 5704 00 TO 0 . 

5706 STORE 4 
_ 5707 STORE 5._ 

5710 +DEL 6 

5711 STORE 13 

5712 HALT 


371 5713 04 TO 3 

_.5715- load. .7 ___ 

5716 STORE 10 

_5717-GOTO 313 ___ 

.307 5721. 11 TO 6 ___ 

5723 goto 1 

308 ' 5725 " Load~Y ~ 

_ 5726 -STORE—6_1_ 

5727 08 to 3 

_:__5731-.goto__313—__ 

-309 5733-LOAD .,7 _____— 

5734 LEFT 6 

_5735-ADD .6_ 

5736 LOAD 10 

r- *>17 >r a r* 

- 'J I J i —«> * -J.- 

5740 STORE 1 

_57.4l_.48 TO__Q_ 

5743 SUB 1 

_... 5744. BRANCH _TO .319-1 F.-#1_ENTIRE=.0_ 

5746 +DEL. 6 

. 316 . 5747 . GOTO— 2 . 82 —___—__ 

-319 5.751 GOSUB .PR.I NT._START,_ 

5752 10 TO 2 

320 5754_OUTPUT_ 

5755 -DEL 2 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 5000-57778 (Cont.) 

_ __..5756 -BRANCH TO 320-IF_.J2_J i 4SD=CL____- 

5760 GOSUB PRINT 

__5761 GOSUB PRINT_ 

5762 GOTO 288 


576*1 

-5765--—-- 

5766 

-5767- 

5770 

-5771- 

290 5772 GOTO 370 


306 577*1 goto 371 


315 5776 goto 369 


? 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 6000-6777g 

bOUUSKIP IF 1IN FLIP FLOP fib 
6001 GOTO 306 


282 6003 10 TO O' 

■ - 6005 sub 7---:— 

6006 sub 7 

6007 BRANCH TO 298 IF $7 MSD?iO 

6011 SUB 7 

6012 BRANCH TO" 299.1 F"#7'~MSD*0" 

6014 +DEL 0 

-6015 SUB'7- 

6016 BRANCH TO 330 IF #7 MSD*0 
6020 07 TO 0 ~ 

6022 SUB 7 

6023 BRANCH TO '328" IF «7 MSD=0' 

6025 ADD 7 

"'6026 GOTO 315 ” “ - ' 

"298 6030 ADD"7 : 

" 6031 1176626568175677 TO 0 

6042 STORE 12 “ 

6043 2756616477776572 TO 3 

~~ v 6054 7366751657273667 TO 1 ^ 

r 60o5 5166757764797916 TO 4 
6076 4667717567726275 TO 2 
• 6107 7674165727374165 TO 5 

7 on 7C7o^o^n7c;77iR7i rn n ~ 

6131 goto 290 


299 6133 add ,7 , . / 

. - 6134 11111177,7365i657 _ TO"0 

v 6145 STORE 12 ' 

i ~i 6l46 867164627273627 6”TO 3~ 

6157 1667577787416568 TO 1 
~"7> 6170 6266721851727362 TO 4 
2 ,' 6201 7473796466178677 TO 2 
6212 2758375661737474 'TO 5 
iV 6223 6265788367174781 TO 0 
6234 GOTO 290 . 


300 6236 ADD 7 . 

6237 11 111 6664 6978 64 6 _TO 0 

• 6250 STORE 12 

6251 7651697583667575 TO 3 

6262 6517273626675777 TO 1 

• 6273 2175627273627617 TO 4 

6304 6184179676275186 TO 2 

6315 1826477726679179 TO 5 

6326 7383989917264671 TO 0 

6337 GOTO 290 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 6000-6777g (Cont.) 


328 


5?3 


K ? 


374 


6341 
6352 
6363 
6374 
637 6 
6377 

6402 
5404 

6406 

6407 

6411 

6412 

6414 

6415 

6416 

6417 

6420 

6421 

6422 

6423 

6424 

6425 

6426 

6427 

6430 

6431 

6433 

6435 

6436 

6437 
► '20 6440 
375 6441 

644? 
' 6443 
___ 6444 

6445 

6446 
\ 6447 

6450 

6451 

6452 


6738362777369751 TO 0 
9786675777211746 TO 5 

1175767783178676 TO 2_ 

GOTO 290 

LOAD 13 ~ " " . 

BRANCH TO 2 IF «0 LSD=0 
GOTO 225 / 1uv 

LOAD G ~ 

BRANCH TO 3_.i^ li 0 LSD=0 
-DEL 0 

BRANCH'TO 11 IF #0 LSD~o 

-DEL O' .. 

BRANCH' TO 13 IF JO LSD=0_ 

LOAD 4 ’ .. 

STORE 11 

LOAD 1 ' " " 

STORE 1 
LOAD 11"~ 

STORE 2 
RIGHT 0 
LEFT 0 






run o 
O UU C. 

LOAD 2 
STORE 11 ' 
RIGHT 0 
SKIP IF"! 
GOTO 20 

01 TO 3 * 
OUTPUT 

+DEL 3_ 

OUTPUT 
STORE 13 
STORE 3 
STORE 4 

f-YAfliC C“ 

1 1 - 3 } 

STORE 6__ 
STORE ? 
STORE 2_ 
•eDEL 0 
STORE 12 
LOAD 1 
HALT 


IN FLIP FLOP 16 
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6453 

6455 

6457 

6460 

6462 

6463 

6464 


branch TO 
11 TO 7 

LEFT 7 
04 TO 0 

ADD 7_ 

LOAD 1 
STORE 10 


„4 IF *7_ ENTIRES 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 6000-67778 (Cont.) 


... .7 

_ 8 

3*40 

10 

-~11 



6*165 
6*166 
6*170 
6*171 
6*172 
6*173 
6*17*1 
6**75 
6*177 
6500 
6501 
6502 
6503 
650*4 
6505 
6507 
(5510 

6511 

6512 
6513 
651*4 
6515 
6 516 
6517 
6520 
6521 
6522 

6523 

652*4 

6525 

6526 
6527 

6530 

6531 

6532 

6533 
653*4 
6535 
6 537 
65*40 
65*41. 
65*42 
65*43 


LOAD *4 

BRANCH TO _7 IF f!5 MSD^O 
-DEL 7 

LEFT 5_ • .. 

ADD 5 
LOAD 6 


RIGHT 0 

BRANCH TO 8 IF 440 LSD*0 
+DEL 7 

LOAD 7___ 

STORE 1 

LOAD 5 _ __ 




A v 


GOSUB PACK 
STORE 12 
00 TO 44 - 
HALT._t ~ -■ • _ 

LOAD 6 

STORE 3 7"” ' r 

RIGHT 0 

RIGHT Q ■“ 

LEFT 0 __ 

LEFT O'. 

SUB 3 _ 

LOAD 1 “ 

GOSUB UNPACK 

STORE 2 ' T" 

LOAD 3 _ _ 

STORE 6 _ 

LOAD .5_.7.3 71 

SUB *4 
LEFT 0 _ _ 


I 


ADD *4 
LOAD *L 
ADD 5 
mfM 5 -- 
ADD—1— 
RIGHT 3J1. 
BRANCH TO 

SUB .1__ 

SUB 1 

LOAD__2__ 

LEFT 3 
GOTO .9 — 


/ / 

y--W- 


Gi 0 TD 
3£ 


34S~ 

334 


12 IF #3 LSDsO 


111244 1.1 


3 3 6o*4S LEFT 0 
65*4 6 RIGHT 0 

_65*17 RIGHT _.Q._ 

6550 -DEL 0 

„__.6551 -del 0_ 

6552 -DEL 0 
__ 6553 BRANCH_TO. 


1*4 IF, 440 M.SDj=Q_ 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 6000-6777g (Cont.) 

6555 LOAD 4 

_.__.6556 SUB 4_,_„_ 

6557 STORE 5 

6560 LEFT 5 

6561 40 TO 6. 

..._6563 ADD 6 

6564 LOAD 1 

_6565 HALT._ 


- 5 6566 BRANCH TO 391 IF 87 ENTIRES 
6570 11 to 7 

- 6572 LEFT_.7___ 

6573 4-del 7 

_ 6574 -{-DEL 7 ...._-__ _ 

6575 *OEL 7 

_ 6576 4-DEL 7 _ 

6577 STORE 10 

391 6600 10 TO 6_ ■ • • ■ _ 

6602 HALT 

14 6603 STORE 7 

_ 6604 LOAD . 4 ___ _ __ 

6605 add 5 

_376 6606 load 5 ___ 

6607 LEFT 0 

_6610 +DEL 0_■__ 

6611 STORE 13 

_6612 LEFT.3:_-_-_.. 

6613 “DEL 7 

_ 6614 LOAD—7_ 

6615 -DEL 0 

_6616 -DEL 0_-•-!_ 

6617 BRANCH TO 15 IF #0 LSD?sO 

_ 6621 1.1 TO .7__- 

15 6623 GOTO 390 ' • 

377 6625 LOAD 14 

_ 6626 GOSUB KEYBOARD__ 

6627 STORE 14 

_- 6630 LOAD 15_-___ 

6631 GOSUB KEYBOARD 

_ 6632 STORE 15- 

6633 LOAD 16 

_6634 GOSUB KEYBOARD--1- 

6635 STORE 16 

_6636 LOAD 17._ 

6637 G0SU3 KEYBOARD 

_ 6640 STORE 17--- 

6641 LOAD 20 

_664 2 GOSUB KEYBOARD-_.-- 

KKI 13 STORF 20 

r \. <« « m 

__ . O O H L , UM U ---- 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 6000-6777 8 (Cont.) 


66*15 

-6646 

6647 

-6650 

6651 

-6652 

6653 

_66 54 

6655 

-66 56 

6657 

- 6660 

6661 

_ 6662 

6663 

-6664 

6665 

_ 6666 

6667 

— 6670 
6671 

- 6672 

6673 

- 6674 

6675 

- 667 6 

6677 

- 6700 

. 6701 

.. 6702 

__6703 

-6704 

6705 

- - 6706 
6707 
-6710 


6/15/73 


6711 

-6712 

6713 

-6714 

6715 

-6716 

6717 

- 6720 

6721 

- 6722 

j -6723 
-378 6725 
6727 

- 6730 
6731 

— 6733 


GOSUB KEYBOARD 

STORE 21- 

LOAD 22 

GOSUB KEYBOARD_ 

STORE 22 

LOAD 23- 

GOSUB KEYBOARD 
STORE 23_ 


LOAD 24 

GOSUB KEYBOARD- 
STORE 24 

LOAD 25_ 

GOSUB KEYBOARD 

STORE 25_ 

LOAD 26 

GOSUB KEYBOARD- 

STORE 26 

LOAD 27_ 


KEYBOARD 


STORE 27- 

LOAD 30 

GOSUB KEYBOARD- 
STORE 30 

LOAD 31 —- 

GOSUB KEYBOARD 

STORE 31- 

LOAD 32 

GOSUB KEYBOARD 
STORE 32 

LOAD 33 .-.- 

GOSUB KEYBOARD.. 

STORE 33- 

LOAD 34 

GOSUB KEYBOARD- 
STORE 34 

LOAD 35.- — 

GOSUB KEYBOARD 

STORE 35-- 

LOAD 36 

GOSUB KEYBOARD- 
STORE 36 

LOAD 37- 

GOSUB KEYBOARD 
STORE 37- 
LOAD 7 
RIGHT 0 — 
BRANCH TO 
01 TO 0 — 

STORE 12 
LOAD 2 — 

BRANCH TO 
GOTO 249 


_i2l 

19 IF 


80 LSD*0 


17 IF 87 ENTIRE=0 


- 'Hk 


-? 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 6000-6777g (Cont.) 

I 

^19 6735 LOAD 10---- 

6736 STORE 12 

6737 LOAD 1 - - 

6740 STORE 10 

-6741 00 TO 4- 

6743 00 TO 6 

--6745 LOAD 2-- 

6746 GOTO 51 ,/1 V 

~~675Q~~' ljTT 

--6751-'--^— - 

6752 vt-r \ 

-6753—-—-- 

v • 6754 C-e> -~ro 

-----6755 ——- 

c \ "' 6756 '”"“— 

-6757—---——- .- 

210 6760 GOTO 5/6 'fbb 

. ^-67-62 GOTO--340 

336 6764 GOTO 676/-- 

17 6766 goto 374 %//bin 

318 6770 GOTO 375 7l*Hfi 
325 6772 goto 376 /b6 ob 
16 6774 goto 377 7 L fc ^ 


248 6776 goto 378 / b7\<T 

? »■ •• 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 7000-7777 8 

-—7000 STORE -6------ 

7001 GOSUB PRINT START 

4|08 7002 GOSUB'PRINT- 

7003 BRANCH TO 408 IF #6 ENTIRES 

-7005 02 TO 0-*- 

7007 OUTPUT 

-7010-GOTO—1-7- 

-384 -7012-GOTO—372--- 

-390-7014-GOTO-385--—--- 

-321 7016 -store -4--- 

7017 load 13 

-7020 BRANCH TO-329- IF-#0-LSD=0- 

7022 LOAD 14 

-7023 GOSUB UNPACK- 

7024 BRANCH TO 330 IF #1 LSD=0 

-7026-ADD 6-~ 

7027 RIGHT 1 

-7030-BRANCH-TO— 331-1 F-#6-MSD=0-- 

7032 + DEL 1 

-331- 7033 RIGHT-1-.- 

7034 RIGHT 1 

-7035 BRANCH -TO—322-I F—#1 ENTI RE*0- 

7037 LOAD 1 

oaIia rrsTfx OOQ 

l V KS \J * ' 

-33O-7O 4 2—11—TO-0--- 

7044 LEFT 0 

-7045 RIGHT—1----- 

7046 SUB 1 

-—7047—DEL--1-- - - 

7050 -DEL 1 

--7 0 5 1— 0 E L— 1- - - 

332 7052 -5 DEL 1 

- 7053 RIGHT 6- 

7054 BRANCH TO 332 IF HI MSD^O 

- 7056 -05- TO -0 - 

7060 ADD 6 

-7061 RIGHT 6- 

7062 LOAD 6 

-7063 RIGHT 0--- 

7064 RIGHT 0 

- 7065 BRANCH TO 322-IF-HO ENTIRES --- 

7067 LOAD 6 

“333 7070 STORE 5- ; - 

7071 LOAD 4 

7072 STORE 1 -- 

• 7073 GOTO 335 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 7000-7777 8 (Cont.) 

(vo lumu h 

- 7076 STORE 13--T- 

7077 load 6 

- 7100 “DEL 6 - --—---- 

7101 “DEL 6 

-7102 BRANCH TO 322 IF #6 LSD#0---- 

7104 RIGHT 0 

- 73.05 +DEL .0——--:-: 

7106 STORE. 7 

-7107 LOAD. 14 -----—- 

7110 GOSUB UNPACK 

-—— 7111 BRANCH TO 322-1 F- HI LSD*0 -- 

7113 RIGHT 1 

- 711 lj ii jo 0 -------r-.. 

7116 LEFT 0 

-7117+DEL-O---- 

7120 +DEL 0 

-7121 +DEL-0- 

7122 SUB 1 

-323 7123 RIGHT -6 - 

7124 +DEL 1 

- 7125 BRANCH-TO 323—1 F-Sl MSD20 -— 

7127 load 13 

- 7130 STORE-1---- 

7131 05 TO 0 

—-7ioo Ann £ __ 

1 3 # * ~ 

7134 RIGHT 6 

--7135 LOAD 6 - 

7136 STORE 5 

-7137 BRANCH -TO-322-1F-40 ENTIRE=0- 

7141 RIGHT 0 

-—71^2 -DEL-0- : - 

7143 “DEL 0 

- 71 i44 BRANCH TO 324—IF~#0 MSD#0- 

322 7146 12 TO 6 

.. —715 0 G0TO—1------ 

-324-7152 32-TO-6--—-- 

7154 LOAD 7 

- 7155 left-0- 

7156 ADD 6 

- 7157 GOTO- 325 —--- 

— 385 - 7 I 6 I LOAD-1-— 

7162 STORE 13 

-71.63 SKIP IF 1 IN FLIP- FLOP-H 5-—-- 

7164 GOTO 382 


7166 SKIP IF 1 IN FLIP FLOP §6 

7167 GQTO-383- 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 7000-7777 8 (Cont.) 


382 7171 LOAD 12 - 

7172 -DEL 0 

7173 BRANCH 10 396 IF ftO ENTIRE=0 
7175 LEFT 5 

- - 7176 LEFT -5- 

7177 +DEL 7 

7200 +DEL 7 --- 

7201 LOAD 5 

7202 ADD 7 ' --- 

7203 LOAD 7 

7204 STORE 1? --:- 

7205 GOSUB PI<INT START 

7206 LOAD 1 '--- 

7';^ r OTO 

396 7211 LOAD 5 

7212 STORE 6—- : - 

372 7213 LOAD 7 

7214 -DEL 0 ’ - - : ~ i ~-: 

7215 BRANCH TO 383 IF SO ENT IRE=0 

' 7217 GOSUB PRINT START - 

7220 GOSUB PRINT 

- 7221 GOSUB PRINT - 

7222 05 TO 0 

7224 03 TO 3 - - 

7226 OUTPUT 

- 7227 -del 0 -•-- 

7230 +DEL 3 

7231 OUTPUT 

7232 +DEL 0 

-- -7233 01 TO 3---- 

7235 OUTPUT 

- 7236 RIGHT 3- -*- 

7237 OUTPUT 

-7240 -DEL 0- 

7241 03 TO 3 

- 7243 OUTPUT ■--- - 

7244 BRANCH TO 386 IF $7 LSD=0 

-'7246 -s-DEL 0 --- 

7247 STORE 3 

- 7250 OUTPUT- 

7251 OUTPUT 

" 7252 -DEL 0- 

7253 02 TO 3 

7255 OUTPUT - - 

7 OR TO 0 

7260 OUTPUT ~ ~ 

383 7261 LOAD 13 

7262 STORE 1 - 

7263 STORE 2 

7264 00 TO 3 ' - -- 

7266 LOAD 5 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 7000-7777g (Cont.) 

-7267 -LEFT-0-- 

7270 +DEL 0 

-7271 STORE-13- 

7272 GOTO 16 


727 J * 

-7275- : - 

7276 

- 7277 - 

7300 

--387-7301 SKIP IF-1- IN FLIP FLOP- - 

• 7302 GOTO 243 


7304 STORE 13 

— -7305'00 TO"O'--- 

7307 STORE 5 

--- 73 IO STORE"?- 

7311 SKIP IF 1 IN FLIP FLOP 86 

-7312-01 TO -0-- 

733 4 STORE 12 

-7315 RIGHT-0--- 

7316 06 TO 3 

- .7320 OUTPUT - 

7321 RIGHT 3 

-7322 LOAD 13-- 

392 7323 GOSUB UNPACK 

7324 BRANCH TO 393 IF 81 LSD/O--—’ 
7326 +DEL 3 

"393 7327 RIGHT 1— -• 7 - 

7330 03 TO 0 

-7332 SUB 1 — -:—•-—- 

7333 11 ‘TO 0 

--7335 LEFT 0 —-----:- 

7336 SUB 1 

’“394 7337 -s-DEL' l---V- 

7340 RIGHT 6 * • 

-' 7341 BRANCH TO 394 IF 81~ MSDifO- 

7343 05 TO 0 

'— 7345 ADD 6 —r-:-—- 

7346 RIGHT- 6 

- —7347 LOAD 6 --—--- 

7350 STORE 1 

7351 RIGHT 0 ---- 

7352 RIGHT 0 • 

- —7353 right-o-.-— 1 — 

7354 BRANCH TO 427 IF 80 ENTIRE=0 

—- - 7356 iO TO i----- 

• 736 O LEFT 1 

- 7361 LEFT 1-:-- 

7R62 -DEL 1 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 7000-7777 8 (Cont.) 

“IT27~7363 BRANCH-TO *128 ' I F~#7~ENTI R'E^O-- 

7365 RIGHT 0 

-7 3 6 6 - R I G HT 0----- 

7367 RIGHT 0 

- 7370 STORE' 6 —- 

7371 BRANCH - ™ 395 IF #0 ENTIRE=0 

- 7373 RIGHT 0--- 

737l| BRANCH TO 388 IF #0 ENTIRE=0 

“395 7376 BRANCH TO 429 IF #3 LSD=0- 

7 4 00 -»DEL 3 

429 74Oi +DEL -3 -—- 

7402 LOAD 1 

-71(03” + D EL'0 

7404 STORE 7 

7405 -'LOAD" 10 “ 

7406 GOTO 392 


428 74* 10 -DEL 7 

- 7 2 j ir - load-7- 

7lil2 LEFT 0 

-7i]13.LEFT-0- 

74l4 LEFT 0 

- 7415 ADD ”1 - 

7 IU 6 LOAD 1 

.71H7“store--6 " " " 

7420 LEFT 6 

- 74 23..LOAD -3 

7422 STORE 5 

“ 388 '7^23 SKIP IF"1“IN~’FLIP-FLOP -#6 
7424 GOTO 426 

7426 GOTO 420 
426 7430 -DEL 5 _ 

-7431~BRANCH~TO- 421-IF~8 5'.MSDi t O-^- 

7433 -DEL 5 ,• 

- 714311 BRANCH "TO~ 422 " IF $ 5 MS D 5^0" 

7436 -DEL 5 

- 71137 BRANCH TO" 423 I f u 5 MSD^O 

7441 -DEL 5 

—- 711112 BRANCH-TO" 424-1 F-tt 5“MSD#0- 

72144 GOTO 425_ 

389 7446 07 TO 5 

397 7450 -del 5 ' — 

7451 BRANCH TO 398 IF 8 5 MSD*0 

71153 LOAD 6 . ’ 

71154 RIGHT 6 

“ " 7455 BRANCH TO 410 IF *10 LSD = 0 

7457 “DEL 0 

“ " v 7460 BRANCH TO 411 IF HO LSD 0 

7462 -DEL 0 

7463 BRANCH TO 412 IF 80 LSD 
7465 -DEL 0 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-2.4 MACRO ROM LISTING - 7000-7777 8 (Cont.) 


7*166 

7*170 

71471 

7*173 

7*17*1 

7*176 

7*,77 

7501 

- 7rno 

f ^ ^ 

750*4 
- 7505 

7507 


BRANCH TO *413 IF 8 0 LSI -G - 

-DEL 0 

BRANCH TO *11*1 IF #0 LSD=0-v 

-DEL 0 

BRANCH TO *115 IF SO LSD=0 .. 
-DEL 0 

BRANCH TO *116 IF 10 LSD=0- 

-DE-L 0 

BRANCH TO *!17" IF HO LSD = 0- 

-DEL 0 

BRANCH TO *118 IF 10 LSD=0- 

GOTO *119 


398 7511 LOAD 12 ' 

-7512 BRANCH TO 399 IF 10 ENTIRE=0- 

751*1 RIGHT 0- 

“^515 05 TO 3 - " 

7517 OUTPUT 

399 7520 LOAD13 ~ 

7521 GOTO 17 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-3.0 DEFINITIONS 

1. ALGORITHM - A rule of procedure for solving a mathematical 
problem usually involving repetitions.- 

2. BINARY NUMBER SYSTEM - A number system using only the 
symbols "0" and "1" and having two as its base, i.e., 

the place values are -64, 32, 16, 8, 4, 2, 1, 1/2, 1/4, -- 

3. BIT - A single character of a language employing exactly 
two distinct kinds of characters. 

4. BRANCHING - Diverging from the usual sequential execution 
of program instructions to an instruction(s) either 
preceding or succeeding the one being currently executed. 

CONDITIONAL - Branching to another part of a program when 
a certain condition has been meet. 

UNCONDITIONAL - Branching on every and all conditions to 
another instruction in a program. 

CALCULATOR - A machine for performing mathematical operations 

6. COMPUTER -- An automatic electronic machine for performing 
calculations. 

7. DECIMAL NUMBER SYSTEM - A number system using the symbols 
"0", "1", “2", "3", "4", "5", "6“, "7", "8", "9”, and 

having ten as its base; i.e., this place values are - 

10000 , 1000 , 100 , 10 , 1 , . 1 , .01 

8. FLOW CHA RT - A diagram or outline showing progress in the 
solution of a problem. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-3.0 DEFINITIONS (Cont.) 

9. I/O - Abbreviation for j_nput - output, to/from a computing 
machine. - 

10* LOOPING - Repeating the execution of the same series of 
ins tructions ad infini turn. 

11. MACHINE LANGUAGE - A language occurring within a machine, 
ordinarily not perceptible or intelligible to people 
without special equipment or training. 

12. MODE OF OPERATION - The operational state in which a 
calculating machine finds itself at a given point in time. 

13. NON-VOLATILE MEMORY - Memory which is not destroyed by a 
power-down condition (under most circumstances). 

14. PROGRAMMABLE CALCULATOR - A calculator in which a sequence 
of coded instructions may be stored and executed at will. 

15. PROGRAM CODE, LABEL. OR ADDRESS - A marker which points to 
a particular position (instruction) in a series of 
instructions making up a program. 

16. PROGRAM DEBUGGING - The process by which a person determines 
if a program is executing correctly under all circumstances. 

17. PROGRAM EDITING - The process by which a person deletes and/ 
or inserts program steps or instructions to correct a 
program. 

IS. PROGRAM INSTRUCTION - One or more program steps which instructs 
the machine to perform an operation. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 

4-3.0 DEFINITIONS (Cont.) 

19. PROGRAMMING LANGUAGE - A series of codes which a machine 
will recognize and translate into machine language. 

20. PROGRAM LISTING - A listing of the program code which has 
been given to the calculator to translate-into machine 
language. 

21. PROGRAM STEP - The smallest coded element of the program 
memory. 

22. RAM - (RANDOM ACCESS MEMORY) - Storage in which the next 
position from which information is to be obtained is in no 
way dependent on the previous one. 

23. REGISTER - An electronic device which is capable of storing 
a number. 

24. REGISTER STACK - Two or more registers which are thought of 
as a stack ; i.e., information is passed from Reg. to Reg. 
automatically as new information is introduced into the 
lowest member. 

25. R0M -(READ 0_NLY MEMORY) - That storage from which information 
can only be obtained, not stored,after the initial storage. 

26. SCIENTIFIC NOTATION - A system by which all numbers can be 

written as X.XXX - times a power of 10. 

Ex: 172.36 = 1.7236 ' 10 2 

27. SIGNIFICANT DIGITS - Digits of a number that end with the 
last figure to the right being non-zero or a zero of an 
integral value. 

28. STORAGE REGISTER - A register that is used only for storing 
a number not for performing any type of arithmetic. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-3.0 DEFINITIONS (Cont.) 

29 . SUBROUTIN E - A subordinate routine usually repeated several 
times at different points in a program. Control is 
transferred from a master routine to the subroutine and then 
back again. 

30. VOLATILE MEMORY - Storage medium in which information cannot 
be retained without continuous power dissipation. 

31. WORKING REGISTER - A register which can be used for 
performing mathematical functions. ( +, -, COS, SIN, etc. ).. 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-4.0 INTEGRATED CIRCUITS 

TYPE SN7410N 
VENDOR TEXAS INST. 
Friden PN 9003091 


TRIPLE 3-INPUT POSITIVE NAND GATES LOGIC DIAGRAM 


SCHEMATIC DIAGRAM 



I 7 


VCC = 7 volts 

Vin = 5.5 volts (max) 

t storage = -65° to 150° C 

t operate = 0° to 70° C 


ELECTRICAL CHARACTERISTIC 

Vin (1) = 2 volts (min) 

Vin (0) = .8 volts (max) 

Vout (1) = 2.4 volts (min) 

Vout (0) ,= .4 volts (max) 

t pd (1) = 22 nsec (max) 

t pd (0) = 15 nsec (max) 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-4.0 INTEGRATED CIRCUITS (Cont.) 

'ttl 

MSI 


CIRCUIT TYPES 

$17/442, 

4-UNE-TO-lO-LKJE DECODERS (1-0F-10) 


o BCD-to-Decimal. 


«"-I *xoes$-3«{3 ra y^adDacinral*^ 


bcir .Val 

Also for applications as 

l , * 

o 4-Line-to*16-Line Decoders I • o 3-Line to 8 Lina Decoders 


description * 

These monolithic decimal decoders 
oonsist of eight inverters and ton 
four-input NAND gates. The 
Inverters are connected in pairs to 
make BCD input data available for 
decoding by the NAND gates. Full 
decoding of valid input logic 
ensures that all outputs remain off 
for ail invalid input conditions. 

The SN5442/SN7442 BCD*to- 
decimal, SN5443/SN7443~*etteess*"* 
•■3-tb-decimal, ‘and - SN5444/SN7444^ 
£xcess-3-yray to-dccimal* - decoders 
featured familiar transistor- 
transistor-logic (TTL) circuits with 
Inputs and outputs which are com- 
potttjiu fwr with ether TTL and 
DTL circuits. D-c noise margins are 
typically * one volt and power 
dissipation is typically 140 
milliwatts. Full fan-out of 10 1$ 
available at all outputs, 


• 'featuringdiode-clamped inputs 

J OR N DUAL-IN-LINE 
| OR W FLAT PACKAGE (TOP VIEW)* 



SN5442/SN7442 

BCD 

INPUT 


ALL TYPES 
DECIMAL 
OUTPUT 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-4.0 INTEGRATED CIRCUITS (Cont.) 

DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP (TTL) 

FUNCTIONAL BLOCK DIAGRAM LOGIC DIAGRAM 


(each flip-flop) 


TYF^ SN74 74^ 
VEND OR- Texas Inst . 
Friden PN 811784 
9003152 




VCC-14 GND-7 


TIMING WAVEFORM 


CIRCUIT DESCRIPTION 



ABSOLUTE MAXIMUM RATINGS 


The SN7474N integrated circuit is a dual, D- 
type edge-triggered flip-flop with direct- 
coupled preset and clear inputs. The logic 
level at the D input is transferred to the Q 
output on the positive edge of the clock 
pulse. After the clock threshold voltage has 
been passed the D input is locked out. Pre¬ 
set and clear must be high for the clock 
and D inputs to operate. Low to clear resets 
and low to preset sets the flip-flop. If^both 
preset and clear are low, both Q and Q are 
high. 


V CC 

^storage 

^operate 


= 7 volts 
= -65° to 150° C 
= 0° to 70° C 


ELECTRICAL CHARACTERISTICS 

Vin (1-0) = 2 volts (min) 

Vin (0-1) = .8 volts (max) 

Vout (0) = .4 volts (max) 

Vout (1) = 2.4 volts (min) 

f ctock (maxi 15 MH2 lmin) 


PIN NUMBERING AND LOCATION (top view) 


13 12 II 1C 9 8 

J...BJ&JK M-JUBL 


nBrari rwrwr 

2 3 4 5 6 7 | 

-*S .75'*-J 



«.3” 
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FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-4.0 INTEGRATED CIRUCITS (Cont.) 

QUADRUPLE BISTABLE LATCH (Cont.) 

TIMING WAVEFORMS FOR SINGLE LATCH 

*~i n n i i n 

CLK- - 

°~i_ruu ltl 


TYPE SN7475N 
VENDOR-Texas Inst. 
Friden PN 7011203 



TYPICAL APPLICATION INTERCONNECTION 


The SN7475N can be used as a dual D-type 
master-slave flip-flop by connecting the Q out¬ 
put of one latch to the input of the second latch, 
such that the input latch (master) operates on 
Clock 1 and the output latch (slave) operates on 
Clock 2. Clock 2 occurs later in time than Clock 
1. The accompanying waveforms illustrate this 
mode of operation. 



TIMING WAVEFORMS FOR MASTER SLAVE FLIP-FLOP 



D2 



CLK A 

(0 D 

CLK B 

(0 2 ) 

PIN 16 
MASTER 1 

Q 1 
SLAVE 1 

PIN 15 
MASTER 2 


Q 2 

SLAVE 2 
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QUADRUPLE BISTABLE LATCH 

FUNCTIONAL BLOCK DIAGRAM LOGIC DIAGRAM 


TYPE SN7475N 
VENDOR-Texas Inst. 
Friden PN 7011203 



7 

D2 

2 

JL — 

D2 

2 


DU-D 

2 

8 

DU-D 

T 

6 

Di 

1 

10 2 

D1 

1 

4 

CLK 

T 

— 13 

CLK 

T 


VCC 

-5 

GND- 

12 



CIRCUIT DESCRIPTION 

The SN7475N is a quadruple bistable latch with 
complementary Q and Q outputs. Data at D is 
transferred to Q when the clock is high. When the 
clock input is low the outputs are not changed by 
changes on the input data lines. 


ABSOLUTE MAXIMUM RATINGS 


PIN NUMBERING AND LOCATION 


V CC = + 7 volts 

V 

input = 5.5 volts 

^storage = -65° C to 150° C 


46 9 

j&M n bl jbliil 

9 

*wwwwmirww 

1 8 


ELECTRICAL CHARACTERISTICS 


V. 

m 

(1) 

= 

V . 
m 

(0) 

- 

V 

out 

(i) 


V 

out 

(0) 

= 


2 volts (min) 

.8 volts (max) 
2.4 volts (min) 
.4 volts (max) 
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4-4.0 INTEGRATED CIRUCITS (Cont.) 

CIRCUIT TYPES SK7433 SN74LS8J 

4-BIT BINARY FULL ADDERS 


description 

This full adder performs the addition of two 4-bit 
binary numbers. The sum (2) outputs are provided 
for each bit and the resultant carry (C 4 ) is obtained 
from the fourth bit. Designed for medium-to-high¬ 
speed, multiple-bit, parallei-add/serial-cnrry applica¬ 
tions, the circuit utilizes high-speed, high-fan-out 
transistor-transistor logic (TTL) but is compatible 
with both DTL and TTL families. The implementa¬ 
tion of a single-inversion, high-speed, Darlington- 
connected serial-carry circuit within each bit mini¬ 
mizes the necessity for extensive "look-ahead” and 
carry-cascading circuits/The power dissipation level 
has been maintained considerably below that attain¬ 
able with equivalent standard integrated circuits 
connected to perform four-bit full-adder functions. 



j ORN DUAL-IN-LINE 



tpln assignments for the:o circuits ore tho some for all 


packages. 


TRUTH TABLE 



•NOTE 1: input conditions at At, A2, 82, and CO art used to 
determine outputs El and E2 and tho value of the 
Internal carry C2. The values at C2, A3, 03, A4, and 84, 
are then used to determine outputs E3, E4, and C4. 
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TTL 

m\ 


CIRCUIT TYPES SN5493, SH749 
4-BIT BINARY COUNTER 


MSI TTL HIGH-SPEED RIPPLE-THROUGH COUNTERS 


logic 


> Digital Computer Systems 

TRUTH TABLE (Sea Notes 1.2. and 3) 


COUNT 

OUTPUT I 

D 

c 

8 

A 

0 

0 

0 

"o'"' 

0 

1 

0 

0 . 

0 

1 

2 

0 

0 

1 

0 

3 

0 

0 

l 

1 

4 

0 

1 

0 

0 

5 

0 

1 

0 

I 

6 

0 

1 

1 

0 

7 

0 

__ 

l 

1 

1 

8 


0 ~ 

1 0 

0 

9 

_r 

0 

0 

1 1 

10 

— 


0 

1 

o 


i r 
— 

o 


f ~i 

12 


1 

0 

0 

13 


1 

0 

i 

j* 

i 

1 

__ 

0 

15 

r 

1 

1 

1 


for applications in 

• Data-Handling Systems 
w 


Control Systems 

JOR N 



NC— No Internal Connection 


NOTES: 1. Output A connected to input B 

2. To reset all outputs to logical 0 both 
Ro(1) anc * ^0(2) ‘"Puts must be at 
logical 1. 

3. Either (or both) reset inputs Rq(i ) 

•nd Rq( 2) must be at a logical 0 to count. 


description 


These high-speed, monolithic 4*bit binary counters consist of four master-slave flip-flops which are internally intercon¬ 
nected to provide a divide-by-two counter and a divide-by-eight counter. A gated direct reset line is provided which 
inhibits the count inputs and simultaneously returns the four flip-flop outputs to a logical 0. As the output from flip- 
flop A is not internally connected to the succeeding flip-flops the counter may be operated in two independent modes: 

1. When used as a 4-bit ripple-through counter, output A must be externally connected to input B. The input 
count pulses are applied to input A. Simultaneous divisions of 2, 4, 8 , and 16 are performed at the A, B, 
C, and D outputs as shown in the truth table above. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous 
frequency divisions of 2, 4, and 8 are available at the B, C, and D outputs. Independent use of flip-flop A is 
available if the reset function coincides with reset of the 3-bit ripple-through counter. 

These circuits are completely compatible with Series 54/74 TTL and DTL logic families. Average power dissipation is 
40 mW per flip-flop (160 mW total). 


absolute maximum ratings over operating temperature range (unless otherwise noted) 

Supply Voltage Vcc (See Note 4)... 

Input Voltage,Vj n (See Notes 4 and 5} . . . ... 

Operating Free-Air Temperature Range: SN5493 Circuits..* . . . 

SN7493 Circuits.. . 

Storage Temperature Range. 


... 7 V 

... 5.5 V 

—55°C to 125°C 
0°C to 70°C 
—65°C to 150°C 


NOTES: 4. Those voltage values are with respect to network ground terminal. 

5. Input signals must be zero or positive with respect to network ground terminal. 
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H lOVZ-POY/ffi CIRCUIT TYPES SH54L93, 51174193 

I TIL &SI 4-BIT BINARY COUNTERS 


A SERIES 54L/74L TIL LOW-POWER RIPPLE-THROUGH COUNTER 
FOR APPLICATIONS IN 

• Digital Computer Systems • Data-Handling Systems • Control Systems 


logic 

TRUTH TABLE (See Notes 1 and 2) 


COUNT 

OUTPUT j 

n 

c 

B 


0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

2 

Q 
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1 

0 

3 

0 

0 

1 

1 

4 

0 

1 

0 

0 
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0 

1 
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1 
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1 
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1 
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0 

0 
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1 

0 

0 

1 

10 

1 

0 

1 

0 

11 

1 

0 

1 

1 

12 

_ — 1 
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0 

0 

13 

1 

1 

0 

1 

14 

1 

1 

1 

0 

15 

1 

1 

1 

1 


JORN 

DUAL-IN-LINE PACKAGE (TOP VIEW) 


INPUT OUTPUTS OUTPUTS INPUT 

A / A 5 \ GND / C 6^ B 



positivs logic: see truth table 


NOTES: 1 Output A connected to input 8. 

2. To reset all outputs to logical 0 both Rq(-j) 
and Rq( 2 )- Inputs must be at a logical 1. 

3. Either (or both) reset inputs F»q( 1 > and R 0(2) 
must be at a logical 0 to count. 

description 

The SN54L93/SN74L93 are low-power TTL 
monolithic 4-bit binary counters consisting of four 
master-slave flip-flops which are internally 
interconnected to provide a divide-by-two counter 
and a divide-by-eight counter. A gated direct reset 
line is provided which inhibits the count inputs and 
simultaneously returns the four flip-flop outputs to a 
logical 0. As the output from flip-flop A is not 
internally connected to the succeeding flip-flops the 
counter may be operated in two independent modes: 

1. When used as a 4-bit ripple-through counter, 
output A must be externally connected to 
input B. The input count pulses are applied to 
input A. Simultaneous divisions of 2, 4, 8, and 
16 are performed at the A, B, C, and D outputs 


T FLAT PACKAGE (TOP VIEW) 



NC—No Internal Connection 


as shown in the truth table above. 

2. When used as a 3-bit ripple-through counter, the input count pulses are applied to input B. Simultaneous 
frequency divisions of 2, 4, and 8 are available at the 3, C, and D outputs. Independent use of flip-flop A is 
available if the reset function coincides with reset of the 3-bit ripple-through counter. 


The SN54L93/SN74L93 is completely compatible with TTL and DTL logic families. Average power dissipation is 
typically 16 mW. 
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SW74WJ 5M7493 


JORN 

DUAL-IN LINE PACKAGE (TOP VIEW) 


INPUT outputs outju rs INPUT 

a /*' a a o“"N cno , c P' a 



c.toclc T 


JOR N 

DUAL-tN-UNE PACKAGE (TO? VIEW) 



TRUTH TA01E (S<* Notw 1 end 2) 


COUNT 

OUTPUT J 

0 

c 

8 

A 

0 

0 

0 

0 

0 

t 

0 

0 

0 

1 
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0 

3 

6 

0 

1 
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1 
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7 i 
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0 
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~n 

0 

1 

10 1 

i 

0 

1 

0 

11 

i 

0 l 

1 

1 

12 
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1 

0 

0 

13 
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1 

14 

i 

_ 

_r 

1 

0 

15 
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NOTES! 1. Output A connected to Input B. 

2. To coset ell output* to logical 0 both Ro(t) 
end ^012)* mputi mu»t bo at e logical 1. 

9 . Either lor both) retot Input* flQ(t) end R()(2) 

muit bu at e logical 0 to count 


description ___ 

•I • ! - 

These high-speed, monolithic 4-bit binary counters consist of four master-slave flip-flops which are Internally Intercon¬ 
nected to provide a divide-by-two counter and a dlvtde-hy-elnht counter.jA natH direct resot tins !s provided which 
Inhibits the count inputs and simultaneously returns the four flip-flop outputs to a logical 0. As the output from flip- 
flop A is not Internally connected to the succeeding flip-flops the counter may be operated in two independent modes; 

1, When used as a 4-blt ripple-through counter, output A must be externally connected to Input B. The Input | '■ 

; count pulses are applied to input A, Simultaneous divisions of 2, A, 8, and tS are performed at the A, B, *“* 

C, and D outputs as shown in the truth table above. , j 

I 

2, -When used as a 3-bit ripple-through counter, the Input count pulses are applied to Input B. Simultaneous 
frequency divisions of 2, 4, and 3 are available at the B, C. and 0 outputs. Independent u :-2 of flip-flop A is 

• available if the reset function coincides with reset of the 3-bit ripple-through counter. 
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LOW-POWER 
TTi m\ 


4-4.0 INTEGRATED CIRUCITS (Cont.) 
description 


CIRCUIT TYPES SN54L98, SH7419I 
4-SIT DATA SELSCTORS/STOUAGE REGISTERS 

i 


These monolithic data selectors/storage registers are 
composed of four $*R master-slave flip-flops, four 
AND-OR-INVERT gates, one buffer, end six 


J OR N 

DUAL-IN LINE PACKAGE (TOP VIEW) 
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4-4.0 INTEGRATED CIRCUITS (Cont.) 


SN74153 


LOW-POWER CIRCUIT TYPEsj ! SM7-U153 

TTL MSI DUAL 4-UNE-T0-1-L1NE DATA SELECTORS/MULTIPI.EXERS 

* I 


• Permits Multiplexing from N lines to 1 line 

• Performs Paratlel-to-Serial Conversion 

% 

« Strobe (Enable) Line Provided for Cascading 
(N lines to n lines) 

• Typical Average Propagation Delay Yimes: 

Data Input to Output... 27 ns 
Strobe Input to Output... 34 ns 
Select Input to Output... 44 ns 

t 

• High-Fan-Out, Low-1 mpedance, Totem-Pole 
Outputs 

• Fully Compatible with most TTL and DTL 
Circuits 

• Low Power Dissipation ... 90 mW Typical 
description 

i * * 

Each of these monolithic, data seiectors/multlplexers 
contains inverters and drivers to supply fully com¬ 
plementary, on-chip, binary decoding data selection 
to the Alviiu-Oft gates. Separate strobe inputs are 
provided for each of the two four-line sections. 

There data selectors/multiplexers are fully compatible 
for use with most TTL and OTL circuits. Each 
diode-clamped input represents only one-half of one 
normalized Series 54/74 load, or approximately five 
Series 54L/74L gate loads at a low logic level, or two 
Series 54L/74L gate loads at a high logic level. A 
fan-out to 5 normalized Scries 54/74 loads In the 
• iow-leve! state and 1C in the high-level state is 
available from each output. Typical power dissipation 
is 90 milliwatts. 


J OR N 

DUAL-IN-LINE PACKAGE (TOP VIEW) 


STRODE A I DATA INPUTS OUTPUT 

V CC 2G SELECT^_____ % *V 
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STROUE B V - V-- / OUTPUT (INC 


tG SELECT DATA INPUTS IV 


positive logic: sc? truth tables 


TRUTH TABLE 



Select inputs A end 8 ora common to both sections. 
H * high level, L “ tow level, X - Irrelevant 
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SN74153 



SN74L153 
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"1 LOW-POWER 
I TTL rJISI 


CIHCUIT TYPES SFJ54L153. STJ74L153 
DUAL 4-LirjE-TO-l-LIFJE DATA SEL E CT0T»S./i'llULTiPLEXERS 


I- j • Permits Multiplexing from N lines to 1 line 

y • Performs Parnllel-to Serial Conversion 

I • Strobe (Enable) Line Provided for Cascading 
I (N Sines to n lines) 

• Typical Average Propagation Delay Times: 

Data Input to Output... 27 ns 
Strobe Input to Output... 34 ns 
Select Input to Output... 44 ns 

• High-Fan-Out, Low-Impedance, Totem-Pole 
Outputs 

• Fully Compatible with most TTL and DTL 
Circuits 

• Low Power Dissipation ... 90 mW Typical 
description 


JORN 

DUAL-IN LINE PACKAGE (TOP VIEW) 



Each of these monolithic, data selectors/multiplexers 
contains inverters and drivers to supply fully com¬ 
plementary, on-chip, binary decoding data selection 
to the AND-OR gates. Separate strobe inputs are 
provided for each of the two four-line sections. 

These data selectors/multiplexers are fully compatible 
for use with most TTL and D*l L circuits. Each 
diode-clamped input represents oniy one-half of one 
normalized Series 54/74 load, or approximately five 
Series 54L/74L gate loads at a low logic level, or two 
Series 54L/74L gate loads at a high logic level. A 
fan-out to 5 normalized Series 54/74 loads in the 
iow-Ievel state and 10 in the high-level state is 
available from each output. Typical power dissipation 
is 90 milliwatts. 


TRUTH TABLE 


SELECT 

INPUTS 

DATA INPUTS 

STROBE 

OUTPUT 

B 

A 

CO 

Cl 

C2 

C3 

G 

Y 

X 

X 

X 

X 

X 

X 

H 

L 

L 

L 

L 

X 

X 

X 

L 

L 

L 
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H 

X 

X 

X 

L 

H 

L 

H 

X 

L 

X 

X 

L 

L 

L 

H 

X 

H 

X 

X 

L 

* H 

H 

L 

X 

X 

L 

X 

L 

L 

H 

L 

X 

X 

H 

X 

L 

H 

H 

M 

X 

X 

X 

L 

L 

L 

H 

H 

X 

X 

X 

H 

L 

H 


Select inputs A and B are common to both sections. 
H - high level, L = low level, X = irrelevant 


Resistor values in the OR function have been reduced to minimize the capactive effects of paralleling the phase-splitter 
transistors and to reduce the propagation delay times. The SN54L153 is characterized for operation over the full 
military temperature range of — 55°C to 125°C; the SN74L153 is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating free air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ... 7 V 

Input voltage (see Note 1) ....5.5 V 

Operating free-air temperature range: SN54L153 Circuits. — 55°C to 125°C 

SN74L153 Circuits..0°C to 70°C 

Storage temperature range .. -65°Cto150C 


WOTE 1: Voltage values are with respect to network ground terminal. 
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4-4.0 INTEGRATED CIRCUITS (Cont.) 

TTL CIRCUIT TYPES SN74156 

. ffiSI DUAL 2-LINE-T0-4-LINE DECODERS/DFf/lULTiPLEXERS 



» Applications: 

Dual 2-to-4-Line Decoder 
Dual l-to-4-LInc Demultiplexer 
3-to*8-Line Decoder 
1-to-8-Line Demultiplexer 

t Individual Strobes Simplify Cascading for 
Decoding or Demultiplexing Larger Words 

> Input Clamping Diodes Simplify System 
Design 

• Choice of Outputs: 

' Totem Pole (SN54155, SN74155) 
Open-Collector (SN54156, SN74156) 

• Typical Average Propagation Delay Times: 

16 ns through 2 levels of logic 
21 ns through 3 levels of logic 

« Typical Power Dissipation ... 125 mW 


JORN DUAL-IN-LINE 
OR W FLAT PACKAGE ITOP VIEW}* 



tPin assignment* for these circuits ora tha same 
for all packages. 


description 

These monolithic trenslstor-translstor-loglc (TTL) circuits'feature dual 1-!Ine-to*4-line demultiplexers with ndlvidua! 
strobe* and common binary -address inputs in a single 16-pin package. Vvhen both sections are enabled by the strobes, 
the common binary-address inputs sequentially select and route associated input data to the appropriate output of each 
section. The individual strobes permit activating or inhibiting each of the 4-bit sections as desired. Data applied to input 
1C is inverted at its outputs and dat3 applied at 2C is not inverted through its outputs. The inverter following the 1C 
dat3 input permits use as a 3-to-8-line decoder or l-to-8-lme demultiplexer without externa! gating. See typical 
applications data and the truth tables for more details. 

' The SN54155/SN74155 circuits, with totem-pole outputs, arc rated to fan-out to 10 normalized Scries 54/71 loads In 
the low-leve! output state, and to 20 loads in the high-level output state. The SN54156/SN74156 circuits, with 
open-collector outputs, are rated to sink 16 milliamperes at a low-level output voltage of less then 0.4 volt. 
Input-clamping diodes are provided on all of these circuits to minimize transmission-iine effects and simplry system 
design. Typical power dissipation is 125 milliwatts. Typical average propagation delay times are 16 nai oseconds 
through 2 levels of logic and 21 nanoseconds through 3 levels of logic for the SN54155/SN74155, 

The SN54155 and SN54156 ore characterized for operation over the full military temperature range of — 55°C to 
125°C; the SN74155 and SN74156 are characterized for operation from 0°C to 70°C. 
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CIRCUIT TYPES SN54155, SH541S6, 5:174155, SM7415& 
DUAL 2-LIME40-4-LHIE DECODISS/DEtii!iT!?l 


r v r n c 


functional block diagram 
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4-4.0 INTEGRATED CIRCUITS (Cont.) SN54155, SN54156, SN74155, SN74156 
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TIL 

MSI 


ohcuit ims simm, s:i74U4 

8-8iT PARALLEL-OUT SHiiAL SHIFT nEGSSTEHS 


• Gated (Enable/Disable) Serial Inputs* 

• Fully Buffered Clock and Serial Inputs 

• Asynchronous Clear 

• Typical Maximum Input Clock 
Frequency ... 36 MHz 


TRUTH TABLE 
SERIAL INPUTS A AND B 


INPUTS 

OUTPUT 

AT t n 

AT t n+ i 

A 

B 

^A 

H 

H 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 


JOR N DUAL-IN LINE 
OR W FLAT PACKAGE (TOP VIEW)* 


OUTPUTS 



SERIAL INPUTS OUTPUTS 


Low input to clear resets all outputs 
to the low leveL 


fpin assignments for these circuits are the same for all 
packages. 


description 

These 8-bit shift registers feature gated serial inputs and an asynchronous dear. The gated serial inputs (A and B) permit 
complete control over incoming data 3s a low at either (or boih) input(s) inhibits entry of the new data and resets the 
first flip-flop to the low level at the next clock pulse. A high-level input enables the other input which will then deter¬ 
mine the state of the first flip-flop. Data at the serial inputs may be changed while the clock is high, but only informa¬ 
tion meeting the setup requirements will be entered. Clocking occurs on the low-to-high-level transition of the clock 
input. ' ’ - : — —.____— 

All inputs are diode-clamped to minimize transmission-line effects, and are buffered to represent only one Series 54/74 
load which simplifies system design. Power dissipation is typically 21 milliwatts per bit. Maximum input clock fre¬ 
quency is typically 36 megahertz. 

The SN54164 is characterized for operation over the full military temperature range of —55°C to 125°C; the SN74164 
is characterized for operation from 0°C to 70°C. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, V(X l see Note 1) . 7 V 

Input voltage (see Note 1) .5.5 V 

Operating free-air temperature range: SN54164 Circuits . —55°Cto125°C 

SN74164 Circuits .. 0°Cto70°C 

Storage temperature range .... s . —65°C to 150°C 


NOTE 1; Voltage values are with respect to network ground terminal. 
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'CIRCUIT TYPES SVMttt, $1374164 

8-SIT PAnAllEt-OUT SIHIAL SHIFT niGISTERS 


typical clear, inhibit, shift, clear, and inhibit sequences 

CLEAR 


LT 


SERIAL 

INPUTS 
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i_n 


s 
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“1 
_L 




OUTPUTS <* 




i_n 


°F_ L 


°H_ 1 


n. 


i 

CLEAR 


functional block diagram 



V A 8 , CLOCK CLEAR 
| ' V«y mm/ 

SERIAL INPUTS 
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MOS LSI Memory 



*i Access Time - Typically Below 
650 nsec -1101A1,850 nsec-1101A 

n Low Power Standby Mode 

H Low Power Osssipadon -“Typically 
less than 1.5 mW/bit during access 

- Directly DTL and TTL Compatible 

»OB-TIe Capability 

s Simple Memory Expansion — 

Chip Select input Lead 



■ Folly Decoded —On Chip Address 
Decode and Sense 


• inputs Protected - All Inputs Have 

* Protection Against. Static Charge 

■•Ceramic and Plastic Package — 

16 Pin Dual In-Line Configuration 

The 1101A is an improved version of the 1101 which requires only two power supplies (+5V and —9V) for 
operation. The 1101A is a direct pin for pin replacement for the 1101. 

The Intel 1101A is a 256 word by 1 bit random access memory element using normally off P-channel MOS 
devices integrated on a monolithic array, it uses fully dc stable (static) circuitry and therefore requires no 
clocks to operate. 

The 1101A is designed primarily for small buffer storage applications where high performance, low cost, and 
ease of interfacing with other standard logic circuits are important design objectives. The unit will directly 
interface with standard bipolar integrated logic circuits (TTL, DTL, etc.) The data output buffers are capable 
of driving TTL loads directly. A separate chip select (CS) lead allows easy selection of an individual package 
when outputs are OR-tied. 

For applications requiring a faster access time we recommend the 1101A1 which is a selection from the 1101A 
and has a guaranteed maximum access time of 1.0 psec. 

The Intel 1101A is fabricated with silicon gate technology. This low threshold technology allows the design 
and production of higher performance MOS circuits and provides a higher functional density on a monolithic 
chip than conventional MOS technologies. 

Intel's silicon gate technology also provides excellent protection against contamination. This permits the use of 
low cost silicone packaging. 
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functional block diagram 



„ PARAMETER 

TEST CONDITIONS 

MIN 

NOM 

MAX 

UNITS 

Operating Voltage 






Substrate supply V$s 

V DD - -5 V ± 5% 

+4.75 

5 

5.25 

V 

Drain supply Vqq 

V S s = +5 V ± 5% 

-4.75 

-5 

-5.25 

V 

Logic Levels 






Input High level Vjh 


Vss-17 


Vss+0.3 

V 

Input Low level Vjl 


V ss -4.2 


Vss-io 

V 

Clock Voltage Levels 






Clock High level V^h 


vss-i.o 


Vss+0.3 

V 

Dock Low level V^l 


Vss-15.0 


Vss-17.0 

V 

Pulse Timing 






Dock pulse transition t r q , tf^ 




1000 

ns 

Dock pulse width 1 PW^j 


ICO 



ns 

Dock pulse width 2 PW^2 


100 



ns 

Pulse spacing 






Clock delay to<j»i2 

PW 01 - PW^ 2 = 100 ns 

40 



ns 

Dock delay tp^l 

PW^ = PW,^2 = 100 ns 

40 



ns 

Data setup Iqs 


40 



ns 

Data hold ton 


40 



ns 

Pulse Fte petition Rate PRR 






Data 




6 

MHz 

Dock 




3 

MHz 


Texas Instruments 

INCORPORATED 

POST OFFICE SOX 5913 • OAU.AS. TEXAS 75233 


6-15-73 


4-127 


TP-285 





FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 


4-4.0 INTEGRATED CIRCUITS (Cont.) 

TMS 3412 JC. NO; TMS 3413 LC, NC; TMS 3414 LC. NC 
1024-BIT DYNAMIC SHIFT REGISTER 


static electrical characteristics (under nominal operating conditions at 25°C unless otherwise noted 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|L InputCurrent 

V|N -~5V, 

Vss =+ 5V 



500 

nA 

I^L Clock Current 

- —10 V, 

Vss = +5 V 



1000 

nA 

Output Voltage Levels 







Vot. Output Low level 

Rl = 3 kO, 

Vss = +5 V 

l L « 1.6 mA, 



0.5 

V 

Vqh Output High level 

Driving TTL, 

V SS = 4.75 v 

R L = 3kO, 

2.5 



V 

Power Supply Current Drain 







IDO Drain supply 

Vss e +5 v. 

V 0 = -12 V 

V DD *= —5 V, 


35 

50 

mA 

Pq Power Dissipation 

5-MHz Data Rate, 

35% Duty Cycle 



600 

mW 


dynamic electrical characteristics 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Logic Delay 






*DLH1 Output Low level 

1 TTL load (See Note 2) 



80 

ns 

'DHLI Output High level 

1 TTL load (See Note 2) 



80 

ns 

• Output Logic Delay 





f 

*DLH2 Output Low level 

MOS load (See Note 3) 



80 

ns [ 

*DHL2 Output High level 

MOS load (See Note 3) 



80 

ns 

Capacitance 






CiM i Input 

(See Note 4} 

2.5 


5 

pF 

C^ Clock 

60 

70 

80 

pF 


NOTES: 2. V SS «+5V±5%, Vdd * ~ 5 v ± 5%, V^ L - -10 V 
3. V SS - 0 V. V DO - -10 V ±10%. V^ L » -IS V 
V 4. 16-p»n COIP — Cjjsj min, 7 pF; Cj|\j max, 8 pF 

mechanical data and pin configuration 


The TMS 3412 is available in both a 16-pin hermetically sealed ceramic dual-in-line package (JC) and a 16-pin plastic 
package (NC). The packages are designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI 


packaging section.) 

. T"T 
ide kj 


C 

c 

c 

c 

c 

8 L 


TOP 

VIEW 


□ 16 

□ 

□ 

□ 

□ 

□ 

□ 

□ 9 


PIN NO. 

FUNCTION 

PIN NO. 

FUNCTION 

1 

OUTj 

9 

out 3 

2 

NC 

10 

in 3 

3 

iNj 

11 

02 

4 

01 

12 

Vdd 

5 

Vcc * v ss) 

13 

NC 

6 

out 2 

14 

OUT4 

7 

NC 

16 

NC 

8 

IN 2 

16 

IN4 
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mechanical data and pin configuration (continued) 


The TMS 3413 and TMS 3414 are available both in 8-lead TO-99 packages (LC) and in 16-pin dual-in-line plastic 
packages (NC) designed for insertion in mounting-hole rows on 0.300-inch centers. (See MOS/LSI packaging section.) 



16 9 

O EI.n n ELD.ILI1 


D 


TCP VIEW 


LJ L) U Li D U UTT 

1 8 


TMS 3413 LC TMS 3414 LC 


LEAO NO. 

"^FUNCTION 

LEAD NO. 

FUNCTION 

1 

Output 1 

1 

NC 

2 

Input 1 

2 

Input 

3 


3 


4 

V CC < V SS> 

4 

V CC IVss) 

5 

Output 2 

5 

Output 

6 

Input 2 

6 

NC 

7 

*2 

7 

02 

8 

V DD 

8 

V DD . 


TMS 3413 NC 

’ TMS 3414 NC 

PIN NO. 

FUNCTION 

PIN NO. 

FUNCTION 

1 

NC 

1 

NC 

2 

NC 

2 

NC 

3 

Input 1 

3 

Input 

4 

*1 

4 

0 \ 

5 

vss 

5 

. Vss 

6 

Output 2 

6 

Output 

7 

NC 

7 

NC 

8 

NC 

8 

NC 

9 

NC 

9 


- 10 

Input 2 

10 

NC 

11 

02 

11 

0 2 

12 

V DD 

12 

v DD 

13 

NC 

13 

NC 

14 

Output 1 

14 

NC 

15 

NC 

15 

NC 

16 

NC 

16 

NC 
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timing diagram and voltage waveforms 




Texas Instruments 

INCORPORATED 

POtr OFFICE »OX 8012 • DALLAS. TEXAS 782*2 


6-15-73 


4-130 


TP-285 












FRIDEN 1155 PROGRAMMABLE CALCULATOR 

REFERENCE 

ROMs 


4-4.0 INTEGRATED CIRCUITS (Cont.) 


MM4231/MM5231 2048-bit read only memory 
general description 


The MM4231/MM5231 is a 2048-bit static read 
only memory. It is a P-channei enhancement mode 
monolithic MOS integrated circuit utilizing low 
threshold voltage technology. The device is a non¬ 
volatile memory organized as a 256-8 bit words or 
512-4 bit words. Programming of the memory 
contents is accomplished by changing one mask 
during the device fabrication. 

features 

* Bipolar compatibility +5V,-12V operation 
■ High speed operation 640 ns typ. 


■ Static operation No clocks required 

■ Common data busing Output wire AND 

capability 

■ Chip enable output control 

applications 

■ Code conversion 

■ Random logic synthesis 

■ Table look-up 

■ Character generator 

■ Micro-programming 


block and connection diagrams - ~ ~Dual-ln-Line Package 



•trmut,. 

fttmUt, 

•lUHUA. 
•TTfWT ' 

•emu i*—| 
•CmU I-? 
•vmui,—J] 


»riu K, 
I— i*w a* 
|— nmu t, 

— IAMU A, 
L_ mruT «, 


typical application 

256 x 8 Bit ROM Showing TTL Interface 



Operating Modes 

< 

256x8 ROM connection (shown) 
lirtode Control - Logic "O’ 

Ag -Logic")" 

512x4 ROM connection 
Mode Control - Logic "1" 

A, - Logic "0" Enables the odd 

(Bi. 8 3 89 ) outputs 

— Logic “1" Enables the even 
( 8 j, 84 89 ) outputs. 

The outputs are "Enabled when a logic "1" is 
applied to the Chip Enable nne 
Logic levels are negative true MOS logic 
Mode Control should be "hard wred to V DO 
(Logical "I") or Vgg (Logical "0 ) 


6-15-73 


4-131 


TP-285 


MM 42 31/MM 5 231 
















FRIDEN 1155 PROGRAMMABLE CALUCULATOR 

REFERENCE 


4-4.0 INTEGRATED CIRCUITS (Cont.) 


MM4231/MM5231 


absolute maximum ratings 





V G g Supply Voltage V ss - 20V 

V DD Supply Voltage V ss - 20V 

Input Voltage (V ss - 20)V < V, N < (V ss + 0.3)V 

Storage Temperature -65' C to +150°C 

Operating Temperature MM4231 -55°C to + 125°C 

MM5231 * -25°C to +7Q°C 

Lead Temperature (Soldering, 10 sec) 300°C 




electrical characteristics 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage Levels 

MC^S to TTL ' 

Logical "1”* 

Logical “0" 

6.8 kf2 ±5% to Vqq Plus One 
Standard Series 54/74 Gate 

2.4 


+0.4 

V 

V 

Output Current Capability 
Logical "0" 

V OUT ” 2.4V 

2.5 



mA 

Input Voltage Levels 

Logical "l" 

Logical "0” 

‘ 

V ss -2.0 


V ss - 4.2 

V 

V 

Power Supply Current 
bo 

l GG (Note 1) 

T a - 25° C 

V ss 55 +5V 

V GG = V DD = -12V 


15 

30 i 

1 

< < 

E 3. 

Input Leakage 

Vjm ~ -12V 



1 

i 

M | 

Input Capacitance 

f = 1.0 MHz, V JN - 0V 


5 


pF 

V GG Capacitance 

f = 1.0 MHz, V i im ~ 0V 


15 


pF 

Address Time (Note 2) 

^ACCESS 

See Timing Diagram 

T a = 25°C V ss - +5.0V 

V GG — Vqq — —12.0V 

1 

j 

640 

950 

ns 

Output AND Connections 
(Note 3) 

6.8 k!2 ±5% to V DD Plus One 
Standard Series 54/74 Gate 



8 


Note 1: These specifications apply for V$s = +5V ±5%, Vqq ~ Vqq * -12V, ±5%, and T a * -55°C 
to +125°C (MM4231). T A = -25°C to +70°C {MM523D unless otherwise specified. 

Note 2: The Vqq supply may be clocked to reduce device power without affecting access time. 

Note 3: Address time is measured from the change of data on any input or Chip Enable line to the 
output of a TTL gate. (See Timing Diagram.) See curves for guaranteed limit over temperature. 

Note 4: The address time in the TTL load configuration follows the equation: 

TaCCESS = The specified limit + (N - 1) (50) ns. 

Where N * Number of AND connections. 

Note 5: Capacitances are measured on a lot sample basis only. 
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1400 
1200 
1000 
_ 800 
^ 600 
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Guaranteed Access Time (T&) 
vs Power Supply Voltage 



Vss-V G g (V) 


Power Supply Current vs 
Power Supply Voltage 



16.0 17.0 18.0 
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LINEAR INTEGRATED CIRCUIT TYPES SN52558, SN725Sf 

CIRCUITS DUAL HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS 


• Short-Circuit Protection 

• Large Common-Mode and 
Differential Voltage Ranges 

» No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-up 

• Designed to be Interchangeable with 
Motorola MC1558/MC1458 and Signetics 
S5558/N5558 

description 

The SN52558 and SN72558 are dual high-perform¬ 
ance operational amplifiers with each half electrically 
similar to SN52741/SN72741 except that offset null 
capability is not provided. 

The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for 
voltage-follower applications. The devices are short- 
circuit protected and the internal frequency compen¬ 
sation ensures stability without external components. 

The SN52558 is characterized for operation over the 
full military temperature range of — 55°C to 125°C; 
the SN72558 is characterized for operation from 0°C 
to 70°C. 


L PLUG-IN PACKAGE 
(TOP VIEW) 



P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


AMPLIFIER NO. 2 


NON- 

OUT- INV INV 
VCO PUT INPUT INPUT 



OUT INV NON- VCC- 
PUT INPUT INV 
INPUT 



AMPLIFIER NO. 1 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



SIMS2558 

SN72558 

UNIT 

Supply voltage V^o (see Note 1) 

22 

18 

V 

Supply voltage Vqc__ (see Note 1) 

—22 

-18 

V 

Differential input voltage (see Note 2) 

±30 

±30 

V 

Input voltage (either input, see Notes 1 and 3) 

±15 

±15 

V 

Duration of output short-circuit (see Note 4) 

unlimited 

unlimited 


Continuous total dissipation at (or below) 70°C 
free-air temperature range (see Note 5) 

Each amplifier 

500 

500 

mW 

Total package 

680 

680 

Operating free-air temperature range 

-55 to 125 ! 

0 to 70 

°C 

Storage temperature range 

-65 to 150 

—65 to 150 

°c 

Lead temperature 1/16 inch from case for 60 seconds 

L Package 

300 ! 

300 

°c 

Lead temperature 1/16 inch from case for 10 seconds 

P Package 

280 

260 

°c j 


NOTES: 1. AH voltage values, unless otherwise noted, are with respect to the zero reference level (ground) of the supply voltages where the 
zero reference level is the midpoint between Vqq + and Vqq_ 

2 . Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 1 5 volts, whichever is less. 

4. The output may be shorted to ground or either power supply. For the SN52558 only, the unlimited duration of the short-circuit 
applies at (or below) 125°C case temperature or 75°C free-air temperature; 


6-15-73 


For operation of SN52558 above 70 C free-air temperature, refer to Dissipation Derating Curve, Figure 1. 
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schematic (each amplifier) 



THERMAL INFORMATION 


PARAMETER MEASUREMENT INFORMATION 


DISSIPATION DERATING CURVE 



T/^— Free-Air Temperature— °C 

FIGURE 1 


V| 


ov 


INPUT VOLTAGE 
WAVEFORM 



TEST CIRCUIT 


FIGURE 2-RISE TIME, OVERSHOOT, AND SLEW RATE 
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